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J./^^ccoun( of the Bridge over the Severn, ivar Hie Town of Tewkesbury, in the 
Couiihf of Gloucester, designed by Thomas Telford, arid erected under 
his superintendence. By iV. Mackenzie, M.Inst.CM. 



The Tewkesbury Severn bridge waa one of the works of Telford which 
that distinguished man thought deserving of especial notice, from its being a 
work of considerable magnitude, and attended with no small degree of difficulty 
in the execution, and having, after several years experience, been found to 
answer its intended purpose *. 

The rendering more perfect the interior communication of the country, hav- 
ing of late years engaged much of the public attention, it became obvious that 
there was wanted a more direct line of intercourse between the rich districts 
which occupy the vale of the Severn, adjacent to the town of Tewkesbury ; and 
that the construction of a bridge over the river at this place, and of a commodious 
road in the direction of Ledbury, would open an important communication into 
South Wales. 

AdotpBiiuHDi. These considerations led to obtaining an act of parliament to 
construct a bridge and also roads of approach to it, and to levy toUs, upon the 
credit of which, money might be borrowed. 
T<4f«d«r,™iirf '^^^ trustees appointed by the act having procured a plan con- 

'*^ "^ sisting of three cast iron arches, proceeded to carry the same into 
effect ; but misunderstandings having taken place between the trustees and the 
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architect, all the parties interested solicited Telford to examine into and report 
upon the case. This after much hesitation he agreed to do. 

Having conferred with the trustees, their solicitor, and thecon- 
D«. lb. iwi tractor, Mr. M'Intosh — and having along with them examined the 
operations of the bridge, the draft of the contract, and the working drawings, 
Telford made the following report. 

" 1st. With regard to the works now in progress — the masonry of the abut- 
ment on the Tewkesbury side as far as performed, seems executed in a very 
proper manner ; and the Shropshire stone which has been provided, appears in 
general to be of sufficiently good quality; some few are objectionable, as being 
subject to decomposition, and as it requires unremitting attention to discover 
those which are defective, as well as to watch over the quality of the mortar, 
and the manner in which the masonry is constructed, and the construction of 
the pilings and platforms, which have been unavoidable, and in general to 
attend on the part of the trustees, to see that the materials and workmanship 
are in every respect perfect in their several sorts, and agreeable to the plans and 
specifications, I consider it my duty to recommend that an experienced and 
otherwise properly qualified person be employed to attend the bridge 
operations. 

" 9d. As upon excavating the foundations it has been discovered that instead 
of rock or firm ground, as was expected and provided for in the specification and 
plana, there has on the eastern or Tewkesbury side been found only sand and 
gravel, so little united as to require a substantial platform laid at two feet 
greater depth than shewn in the drawings or described in the specification; and 
that in order to render the work sufficiently secure, a row of sheet piling must 
still be driven along the front and returns of this abutment ; and further, that on 
the western side the foundation at the level of the river bed, and for ten feet 
under that level, consists of a clean fine sand, requiring to be either wholly ex- 
cavated to get at firm ground, or the whole space for the abutment to be secured 
by long piles with a substantial platform formed by good sheet piling, all con- 
structed in the most perfect manner. And this being the case with the two 
abutments, there is every reason to expect that the two piers in the river will 
require similar precautions. 

" Now as all these operations are unprovided for in the specification and 
plans, and will unavoidably amount to a very serious expense, it is of the 
utmost importance that the trustees should be made acquainted with the amount 
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Q£ nearly as can be ascertained. I have therefore required of the contractor to 
state the amount of what has beeu already inciured, and also to furnish an 
estimate of what those fi^undations, whiL'h are beyond what is comprehended by 
his proposal, will probably cost. 

" The following is his statement: 

Platform and sheet piling to foundation of eastern nbuimeni, £ s. d. 
including 3 feet of extra depth of inaBOnry, and using 

Shropshire stone facing .... 352 2 Gj 

Foundation of ivcsiern abutment, including long piling, sheet 

piling, platform complete, including pumping, &c. . 805 13 5 

Two river pier foundations, supposed to cait . , . 1800 



i:2957 15 11 J 



" 3d. Upon comparing the specification andfigured drawings with the draft of 
the contract, and these with what is required by some of the clauses in the act 
of parliament, it appears that sundry small difierences exist which the trustees 
are bound to guard ngainst; for instance, the act provides that the two river 
piers taken together shall not in any place above the line of low water be more 
than eighteen feet, whereas upon the working drawing at that level twenty feet 
are marked. I must therefore recommend that the plans and specifications be 
revised, and made to accord with the clauses of the act. 

" 4th. As Aberthaw lime has, from long experience, been proved, by much the 
fittest for all masonry exposed to water, I recommend that the contractor be re- 
stricted to the use of it fresh from the kiln, mixed hot, and particularly well 
mixed and beat. 

*' Any small saving which would be made by using any other sort is ill ac- 
quired at the expense of certain excellence. 

" 5th. When once the plans, specifications, and contracts have Iteen carefully 
revised and finally settled, no deviation therefrom of any consequence should be 
admissible, unless authorized in writing under the hand of the principal engi- 
neer or architect employed by the trustees and sanctioned by them ; and where 
practicable the amount of the expense should be previously ascertained, and 
agreed to in writing by the contractor. 

" 6th, Some further explanation appears necessary with regard to the fencing 
<tf the roads and embankments, also with regard to the field-gates, with the 
roads into the fields, and culverts under them. 

B 2 
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" 7th. Some provision should be made for sinking pannels and grooves in the 
masonry, to receive the iron work perhaps under the direction and at the ex- 
pense of the iron contractor. 

" 8th. There should be a very distinct understanding as to where the earth 
for embankments, &c., is to be procured, how the ground is to be left, and who 
is to pay for land and damages. It should, if possible, be left in a state to be 
drained : the embankments should be protected both along the tops and bot- 
toms." 
Trifoid *pp<»Di«i '^^^^ report having been made, and fresh difficulties having 

''*°™" arisen in the progress of the work, Telford was, early in February, 
18S4, requested to revise all the contracts, and to recommend what plan should 
be adopted ; and on the 3d of March he made the following report, 

" Having taken a section of the river Severn at the intended 
site of the bridge, when the water had risen to about 2 feet 8 
inches of the top of the bank on the western side of the river, and having also 
proved the nature of the river bed by boring, and measured and compared the 
relative breadths of different parts of the channel ; and having duly considered 
the nature of the navigation which is carried on, and the great and frequent 
floods to which the said river is subject, I am of opinion, under all the cir- 
cumstances of tlie case, that it is most advisable to have one arch of cast iron, 
which shall span across the whole breadth of the channel, and of course leave 
the whole of the water (whUe the river is within its banks) quite unobstructed. 
I consider that an arch of 170 feet span is sufficient for this purpose, and that it 
may be constructed of proper stability without raising the roadway higher 
than has already been proposed. For the flood water when risen above the 
surface of the meadows, 1 propose providing, as always intended, 160 feet of 
opening, measured on the horizontal line, besides two culverts of 3 feet diameter 
each, and this I consider a sufficient water-way for the purposes of the country, 
as required by act of parliament. 

" The distribution of this flood water-way I propose to be by having six small 
openings upon each abutment, and nine arches, of 12 feet span each, placed at 
three difl'erent places on the western side of the river, where a discharge of 
water is most required. 

" I am of opinion, that with a view to economy, without entrenching upon 
Uie proper and necessary accommodation of the intercourse, the bridge may be 
made 24 feet in width between the side railings, this being i feet more than an 
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iron bri(lge I have constructed upon the great Holyhead Road, which being 
found quite sufficient, the only reason I have not recommended tliis of the same 
width is, that being near a town, and subject to a toll upon foot passengers, it 
seems advisable to have a fuotpath on each side ; these I propose to be S^ feet 
each, which will leave a clear carriage way of 17 feet. 

" In the several public roads lately made under my directions, none of the em- 
bankments have been more than 30 feet at the top, the protecting rails being set 
along the extreme edge, and the thorn quicksets planted at three feet without 
them. This width being found by experience to be as much as necessary, I re- 
commend that those which will form the approaches to the bridge shall be made 
30 feet uistead of 45 ; this being still further necessary in order to keep the skirts 
of the slopes within the limit of 60 feet, as assigned by the act. 

" I have made the outlines of a design which corresponds with what I have 
here recommended for the bridge and Its abutments, the detailed dimensions and 
particulars of construction remain to be described by working drawings and a 
written specification, but they will be regulated by what I have found by expe» 
rience to answer in four several instances, three of them upon navigable rivers 
and tideways. 

" Upon this newly arranged plan and the before mentioned conditions, I have, 
along with the contractors, carefully gone through the calculations and compari- 
sons with the former plans upon which their proposals were founded, and the 
result is — that although the quantity of iron required by the present plan is 
greater than by the former, yet, as Mr. Hazeldine has at his works some of the 
apparatus used in the three similar bridges he has constructed for me, and his 
works being adapted and his workmen accustomed to the management of all the 
parts, he will execute this proposed plan of one arch of 1 70 feet span for the 
same sum as his former proposal contained, that is to say £4500. 

'* On the works comprehended in Mr. M'Intosh's contract for the former plan 
a small saving will be eftected, tlms — 

Amount of proposal for former plan .... ^11400 

Ditto of extra works in foundation, as per my Report, Dec. IS. ■ 2957 



Bstimated expense by the present plan 
Sn'mg .... 
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*' Considering the present situation of the works, it will be necessary to extend 
the time for completion from May until the last day of July, 1825 ; but that all 
the masonry of the bridge necessary to receive the iron work shall be completed 
by the last day of October next. 

" In the above mentioned estimates it is understood that the contractors are to 
give security for the due completion of the works, and maintaining them in a 
perfect state for the term of three years afterwards. 

" Mr. M'Intosh is to pay damage for the land necessary for procuring earth 
for the embankments, but not for that upon which the embankments stand, or 
tor any expense attending making gates or roads of accommodation to the ad- 
jacent fields. 

" The modes of payment to be distinctly arranged, so as to be made at stated 
times upon the certificate of the resident engineer, countersigned by the princi- 
pal engineer in the usual way. 

" The trustees having now before them a full statement of my ideas as regards 
the nature of the plan best adapted to the situation, the mode of conducting the 
work, and the expense to be incurred, it remains with them to determine whe- 
ther they will approve of the same ; and if so to give me directions to prepare 
a perfect copy of the plan now signed by the parties, also proper working 
dra^vings and specifications, and an outline for contracts upon the same; and 
also to authorize me to give directions to the contractors to take the 
necessary measures to proceed with the works agreeably to this newly 
arranged plan for an arch of 170 feet span, with its approaches and 
embankments." 

The trustees approved of the design of one arch, and the 
contractors agreed to the above statement, and to execute proper 
contracts for the performance of the work as soon as the plans and specifications 
should be prepared and adopted ; the work was proceeded in without further 
delay. With the preceding report Telford presented a sketch of the proposed 
bridge, and so great was the confidence entertained by all parties of his talents 
and integrity, that they were willing to proceed with the work, without any 
other agreement than the following, which is written on the drawing. 

" This is the outline of a design intended to be completed, with proper dis- 
sected drawings and Bpecifieatlons, and which design is referred to in the report 
of the undersigned Thomas Telford, dated this 3d day of March 1824, and 
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wliich we have all subscribed our names to. Dated this 3d day of March 
1834. 

Thos. TEtroBD, Engineer. 

W. Habeldiwe, Contractor for Iron Work. 
' HuoH M'I>TOSH, Contractor. 

J. Prosseb, Chairman, -* 

Wii PiiELPs ( Committee appoiiUed by 

, T ^ i the Trustees. 

Joseph LoNaMORB, J 

Jas. Scttoh Olive, Clerk to die Trustees. 



SPECIFICATIONS. 



irrmd " The bridge to be constructed near the Mythe Hill, at the 

■pptov place now marked out, and some part of the work begun. It is to 

consist of one opening for the river channel, where the faces of the abutments 
at the springing of the arch are to be 1 70 feet apart. This springing is to be 
at the level of I foot 6 inches below the Grindstone level, or 5 feet 6 inches 
below the former flood line. The foundations of the masonry of the main abut- 
Inents are to be sunk to and laid at 21 feet below the said Grindstone level, or 
19 feet 6 inches below the aforesaid springing. These abutments are to be 20 
feet in thickness and 31 feet 6 inches in length, and these dimensions are to be 
carried up to the springing, with the addition of the projecting string course. 

" The land pier on the Tewkesbury side to be taken down to receive the 
springing of the imderground arch and the aforesaid string coiu'se. The land 
pier on the Bushley side to have its foundations sunk to and the masonry laid at 
the depth of 1 3 feet under the aforesaid Grindstone, or 1 1 feet 6 inches below 
the springing of the main arch ; it is to be 10 feet in thickness, and both the 
land piers are to be 31 feet 6 inches in length, and carried of these dimensions 
Up to the springing of the main arch, with the addition of the projecting string 
course. Between the main abutments and land piers arches are to be niade, 
that on the Tewkesbury side to be 20, and that on the Bushley side 24 feet 
span, the arch stones two feet in depth, with proper spandril walls. From the 
level of the springing of the main arch the masoru-y is to be carried up 3 feet 
to the bottom of the open land arches ; — this portion of the work will be 30 
feet 6 inches in width across upon an average. 

" In the main abutments the outside work of their faces and sides is to 
consist of ashlar work of Shropshire stone, not less than 2 feet C inches in 



MR. MACKENZIE 3 ACCOUNT OF 



breadth on the bed, on an average, mcluding headers. The arch stones of the 
underground arches to be of square masonry, the springing stones of the large 
arch are to be 6 feet in breadth from the front edge, along the sides and back 
to be 3 feet in breadth. All the rest of the masonry is to be built with the flat 
bedded lias lime-stone from Brockeridge Common, or from Breedon Hill, or other 
stone of equally good shape and quality. The whole of the masonry under the 
level of flood line to be laid in raortar of Aberthaw pebbles ; above the flood 
line the mortar may be made from tlie Brockeridge lias lime-stone, the mortar 
for all work 2 feet 6 inches inwards from the outside to be two parts of un- 
slaked lime to three of clean sharp sand ; the backing or inside mortar to be 
composed of two parts of unslaked lime to four of clean sharp sand ; the whole 
to be made with fresh burnt lime carefully slaked with as little water as 
possible, and well beat. 

" From the top of the aforesaid springing course up to the level of the road- 
way, the structure is to consist of arches, piers, and pilasters, also the pedestals 
above the roadway to be all agreeable to the annexed drawing, (Plate II. Fig. 2,) 
the outside facings of which are to be made with the best Breedon niU stone 
neatly dressed and squared. The ashlars of the before mentioned outside work 
to be 18 inches broad on the bed, on an average, excepting the plinth course 
for the railing, which is to be 15 inches only. 

" The walls of the aforesaid land arches, and the arches themselves, and 
their spandrils, are to be of good sound hard burnt brick, laid in lime mortar 
and from the lias lime-stone of the country. 

puifornn. " Under the main abutment on the Tewkesbury side there is to 

puieii. F.g.e. ^^ ^ platform consisting of two thicknesses of half baulk laid 
across, and pinned together with oak pins, to be 33 feet 6 inches in length and 
22 feet in breadth, with a row of pile planking of elm or beech timber shod 
with iron, 1 feet long and 5 or 6 inches in thickness, secured to sills by finch 
screw bolts ; the silts to be fir or elm, 10 inches by 8, secured by strong iron rag 
bolts. The pile planking to be placed along the whole of the front, and for S 
feet returned along on each side. 

" Under the whole space of foundation of the abutment, on 

ptaieiLFign.s. ^^^ Bushley side, there are to be driven bearing piles 21 feet 
long and 12 or 13 inches square, placed at the distance of 3 feet from centre 
to centre, upon these transverse sills 1 2 inches by 6 inches are to be placed 
and spiked to the heads of the piles by rag bolts, and crossed by other 
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sills of similar dimensions spiked to the before mentioned, the spaces be- 
tween the sills and pile heads to be filled with rubble stone rammed in and 
grouted with Aberthaw lime mortar ; the whole of this grating to be covered 
with 6-inch planking pinned down with oaken pins, the whole of the piles, 
grating, and planking to be of good Baltic timber, the piles to be shod with 
iron. Sheeting piles of elm or beech 12 feet long and 6 inches thick to be 
driven along the whole of the front, and for 10 feet along each side. Under the 
foundation of the land abutment on the Bushley side, there is to be a grated 
platform consisting of two rows of sills and planking with round piles under 
them, as per annexed plan. 

" The spandrils of the land arches are to be filled up either with brick work 
or flat bedded lias limestone to the level of the lower side of the roadway, but 
along the face of the abutments nest the iron arch the whole outside atones 
are to be squared ashlars, not less than 2 feet broad on the bed on an average; 
the two top courses to be not less than 3 feet in breadth, and in both those 
facings grooves are to be cut to receive the springing plates and the plates for 
the lozenge standards and bearing bars. 

" From the extremity of the wing walls of the bridge, rubble walls with a 
proper coping to be built with lime to prevent the embankment slopes from en- 
croaching on the aforesaid wing walls of the bridge, in the manner and to the 
extent of the general plan and elevation signed by Thomas Telford, and to his 
satisfaction. 

" The whole of the iron plates over the main arch and the 
whole space over the land arches and piers to be covered with a 
coat of good clay properly punned so as to render it water tight ; upon this, 
along each side of the bridge, a footpath, 3 feet 6 inches in breadth, is to be 
formed in the following maimer ; that is to say, to have a curb stone of squared 
granite I foot 6 inches in depth, and 9 inches in thickness, the space between 
the curbing and the iron work to be composed of suitable gravel. 

" The carriage way between the curbings to be 1 7 feet in width, to be covered 
with stone for the whole width, the foundation or first course to consist of such 
hard materials as may be procured from the fields or limestone quarries in the 
neighbourhood, and to be 7 inches thick on the middle and 3 inches at the sides, 
and the upper coat of best Bristol limestone of an average thickness of 5 inches; 
the whole to be broken into pieces, none exceeding 6 ounces. 
Flood Arvha. « There are to be nine flood arches, that is three sets of 
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three arches each, and each arch to be 12 feet span, they are to be ; 
where the discharge of water in the low ground on the western side is 
most required, the foundations to be sunk to such a depth that the inverts 
may suit the natural watercourses and the surface of the adjacent ground ; the 
abutments are each to be 3 feet in thickness, with two counterforts behind 
each, each 4 feet by 3 ; the piers are each to be 1 foot 6 inches in thickness, 
and both abutments and piers to be 36 feet in length, the arches are to be 14 
Inches in thickness and 36 feet in length across the road. The inverted arches 
are each to be 9 inches in thickness with a curve of 12 inches. The spandril 
wails are to be 1 foot 1 inches in thickness, the wing walls are to be from 3 
feet in thickness to 1 4 inches, and to have a coping of 4^ inches. At the 
springing of the arches there are to be courses of stone 18 inches broad by 12 
Inches thick. All the rest of the work is to consist of good, sound, hard burnt 
bricks laid in proper lime mortar. The sprandrils of the arches are to be made up 
with either brickwork or flat bedded lias limestone laid in lime mortar. Over 
the top of all the arches and spandrils there is to be laid six inches of clay well 
punned. Besides the aforesaid arches there are to be two culverts, 3 feet diameter, 
of a proper length to extend to the skirts of the embankment where they are placed. 
Embuikert " '^^^ approachos to each end of the bridge to be agreeable to 

A,.pioM ». ^^^ annexed plan and section signed by the said Thomas Telford. 
The lonptudinal line of roadway in no case to rise more than 1 in 35. The 
width of the finished top to be 30 feet, and the side slopes to be 1^ horizontal 
to 1 perpendicular. The roadway to be made with stone 27 feet in width, con- 
structed of the same thickness and manner as described for the carriage way 
over the main bridge. 

" Each side of the road to be fonned with sawed oak posts, and Baltic fir 
rail fences, three rails in height according to the drawing, the posts to be fixed 8 
feet asunder, to be 8 feet 6 inches long, and 4 feet 6 inches alx)ve the ground, 
with proper spurs at the butt-end, equal to 1 foot diameter and 4 feet in the 
groimd at least. 

" The rails to be morticed and tennoned into the posts, to be rounded on 
the upper surface and secured by oak pins, the top rail to be 6 inches by 4 inches, 
the middle 5 inches by 4 inches, and the bottom 5 inches by 3^ inches : the 
posts and rails to be free from sap, and to be covered with paint, of three coats, 
of a light stone colour, of a quality prepared and generally used for that pur- 
pose. 
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" The road from the termination of the embankment to the intersection of the 
old Ledbury road, to be fenced on each side with cleft oak post and rail 
fentang, three rails between the posts, the posts to be fixed upon the quickset 
banks, which are to be raised of a sufficient height and breadth as may be 
necessary for the lands adjoining. 

IU.B B«ikk " The river banks on each side of the eastern abutment to be 

embanked with earth so as to range with the front of the abutment, its face 
to have a slope of 2 horizontals to 1 perpendicular above low water mark, 
and all below low water mark to be secured with stakes and faggots. The face 
of the embankment to be covered with good turf fixed down with wooden pins. 
On the western side, above and below the abutments, the river bank to be 
dressed to range with the front of the abutment, the slope to be the same as 
described for the eastern side, and to be covered and secured in a similar 
manner. 

iioDWoik.puuiiL "The bridge is to be constructed over the river Severn, near 
the Mythe Hill, where the site is marked out and the work begun. The main 
opening for which this arch is to be adapted is to be one hundred and seventy 
feet between the abutments' springing plates, the springing is to be J foot H 
inches below the grindstone level, or 5 feet G inches below the former flood line, 
the rise or versed sine is to be 17 feet, and the width to be such as to leave 24 
feet clear between the skhting of the roadway railing ; there are to be six ribs 
placed at equal distances from each other, they are to be placed upon strong 
abutment-plates, firmly bedded in the masonry ; they are to be secured in their 
places by gauge pipes and connecting wrought iron bolts, covered with grated 
plates fixed by mortices fitted to joggles in the main ribs, and screwed flanches ; 
upon these the lozenge spandril standards are placed, which are also secured by 
gauge pipes and cross ties in the middle, and by mortices and tenons at top and bot- 
tom, besides diagonal braces in the spandrils. Upon the top of these the road 
bearers are to be fixed one over each rib, upon these bearers the road plates are 
to be laid joggled upon the bearers and screwed together by their own flanches 
and pins ; upon these road plates the iron skirting is to be placed, to protect the 
road and receive the common railing ; the main rails are to be placed and 
screwed upon the road plates, the railing is to be capped with a hand rail. The 
whole of the cast iron work to be of the best Shropshire iron. No. 2, cast, fitted, 
and put up complete, in the most perfect manner. 

"The contractoristoprovide all materials, tools,utensils,machinery,8caffolding, 
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and labour of all sorts which may be required for making, carrying, fitting up, 
and completing the said arch, spandrils, roadway, and railing agreeably to the 
before mentioned drawings, and the general plan and elevation of the bridge 
made out and signed by Thomas Telford, where it will be observed the cast 
iron railing is carried not only along the great iron arch, but also over the six 
land arches on each side, and that the columns between the small arches in the 
bridge wings are to be made of cast iron." 



REFERENCES TO PLATES. 
PLATE I. 
General plan and elevation of the bridge. 

PLATE 11. 

Fig. 1. Elevation of abutment, with the piles on the Bushley side. 

Fig. 2. Elevation of abutment on the Tewkesbury side, with the open 
land arches. 

Fig. 3. Plan of ditto. 

Fig. 4. Cross section through the Bushley side abutment, and first land 
aich. 

Fig. 5. Plan of platform for the main abutment on the Bushley side. 

Fig. 6. Plan of platform for the main abutment on the Tewkesbury side. 

PLATE III. 

Fig. 1. Elevation of a main rib, lozenges, skirting and railing. 

Fig. 2. Plate for connecting main ribs. 

Fig. 3. Shews the manner in which the several pieces of the main ribs are 
connected together. The flanges of the ribs are 4 inches deep. In the four middle 
ribs, where there are double flanges, there are three 1^ inch bolts in each 
flange ; but in the two outside ribs, where there is only a single flange, it has 
four of these bolts. 
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Fig. 4. Section of one of the lozenges of the 
spandrils taken at the middle of the length. They 
dimmish to 3^ inches square at the ends; they are 
joined at the middle by a mortice and tenon (as in 
accompanying sketch); they are connected breadth- 
ways of the bridge by wrought iron bolts, 1 1 inch 
diameter, passed quite across through holes in the 
middle of the crosses, (as at a, in the figure,) and 
also through cast iron tubes, placed between each 
row of lozenges, to prevent their being drawn out 
of their places when the bolts are screwed up. 
These tubes are represented in the following figure. 
inches. Internal diameter 1^ inch. 




External diameter 2^ 
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Fig. 5. Main ballusters. 

Fig. 6. Section of handrail. 

Fig. 7. Skirting. 

Fig. 8. Road plates ^ inch thick ; flanges 3 mches high inside ; dovetailed 
joggles to fasten the plates to the road-bearers, G inches long, \\ thick, and 1^ 
high; f screw-pins. 

Fig. 9. Section of diagonal braces; in the middle they are 5^ inches square, 
at the ends only 4 inches. Instead of being joined together where the two parts 
of the cross meet by a mortice and tenon, they are simply halved into each other, 
and a bolt holds the two together. There are two pair of these braces on each 
side of the crown of the arch ; they meet at the joining of the second and third 
rib plates, from the crown of the arch on each side. 

Fig. 10. Shews the manner in which the road-bearers are connected with 
the abutments ; the road-bearers are cast in four lengths 
on each side of the crovra of the arch, and are joined 
to each other with two 1^ inch bolts, as in annexed figure. 

Fig. 11. Springing plate. 
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Fig. 12. Plates for connecting and covering the top of the main ribs; nine 
1 inch screw bolts connect every two of these plates. Flanges stand up 3 
inches inside. The joggles, which are cast upon the top of the main ribs, and 
upon which these plates are let down, have each a mortice in the top to receive 
the tenons of the lozenges or crosses of the spandrils. 

Fig. 13. Capital and base of the cast iron columns. 

Fig. 1 4. Shews the proportional lengths of the cast iron columns* 



II. — A Series of Ej-perimmts on different kinds of American Timber. Bjj W. 
Denison, Lieitt. Royal Knqineei-s, F.R.S., A.Inst.C.E. 

The following Tables contain the results of experiments on different kinds of 
American timber ; they are not so complete as I could wish, such, however, as 
they are, I submit them to the Institution. Some of them corroborate in a remark- 
able degree the experiments made by Mr. Barlow upon wood of the same nature, 
but of very different scantling, and under different circumstances. My object in 
commencing these experiments was twofold ; I wished, in the first place, to 
establish some proportion between the strength of different kinds of American 
timber, and then, by reference to Mr. Barlow's experiments, Ijetween these and 
European timber ; so as to enable me to supply the place of the constant factors 
which enter into the rules or formulee by which the dimensions of timber ibr 
different purposes may be calculated with some degree of correctness ; and, in 
the second place, to ascertain the difference, both in dimension and strength, made 
by seasoning, or by difference of age, or position in the tree. For this purpose 
I had trees felled as nearly as possible of the same size ; from these I sawed a 
plank through the heart of the block, and this plank was afterwards divided into 
pieces for experiment one inch square and three or four feet in length, which 
were numbered according to their position in the tree from the sap inwards. 

I commenced experimenting at once upon some of these specimens in their 
green state, intending to reserve the others until they were seasoned, having 
noted upon each its dimensions when green, for the purpose of ascertaining the 
amount of shrinkage in seasoning. My return to England, which was unexpected, 
unluckily put a stop, not only to these experiments, but also to some on a much 
larger scale for which I had the timber already prepared. Having said thus 
much in explanation of the motives which induced me to make these experi- 
ments, I shall proceed shortly to describe the apparatus I employed, in order that 
the Institution may judge of the degree of confidence to be placed in the 
results. 

Dwnipdunof the Two blocks of oak, about 6 inches square and 4 feet high, 

rtiiTiv.figfci.a.a. were morticed firmly into a 3 inch piank, and fiirther supported 
by struts, as shewn in the drawing. They were tied together at the top by a 
crass bar, which by the way in which it was notched into the uprights acted 



Ifl LIEUTENANT DENISON'S EXPERIMENTS 

both as a tie and a strut ; this cross bar served at the same time to support a 
graduated circle which indicated the amount of deflection : (the radius of the 
divided circle being ten times that of the barrel which communicated motion 
to the index, as ascertained by frequent comparisons, the smallest deflection 
was easily measured.) A groove was cut in the top of each of the uprights to 
receive the specimens ; it was lined with iron, as shewn in the sketch, and in 
order that it might be possible, if wished, to fix the ends of the timber sub- 
jected to experiment, two screws were riveted to this lining, and a cap con- 
structed which might be screwed fast on the specimen. 

The specimen being carefully measured, was placed upon the supports ; the 
first weight it had to sustain was that of the scale and ropes, and weights to 
make up 20 lbs.*; the deflection was then noted, and after that weights added by 
20 lbs. at a time, noting carefully the deflection after each addition. When it was 
thought likely that the limit of elasticity was nearly attained, the weights were 
added more gradually and allowed to remain longer, the changes of deflection 
were closely watched, and the weights often removed to ascertain whether or 
no the specimen would return to its original state. After the limit of elasticity 
was once passed, the weights were added quickly till the specimen gave way ; 
the flexure at the time of fracture was noted as near as possible, but upon this, 
of course, much reliance cannot be placed. As soon as the experiment was 
concluded, a piece of the specimen was cut off and the specific gravity deter- 
mined. 

I cannot conclude without expressing my hopes that officers and others em- 
ployed in the colonies will be induced to turn their attention to this subject. In 
America especially, for many years, timber from its cheapness will be employed 
in preference to iron, and should Mr. Kyan succeed in his attempts to secure it 
from the attacks of insects, and from natural decay, we may look forward in that 
country, at all events, to its employment in a variety of situations where its de- 
structibility is now a complete bar to its use. 

* This applies to the later experiments ; at first I nas obliged to make use of the weights T 
could procure on the spot, but I afierwards had others cut on purpose. 
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ExpBxniiHTS on the STRENGTH of TIMBER when exposed to a Transverse Strain, carried on in Canada in the 
Yeara 1830 and 1831, and the Reaulta of the Experiments calculated according to Formulse given by Barlotn 
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10 


740-0 


SO 
40 
60 
80 
100 
120 
140 
160 
18U 
200 
820 
240 
260 
280 


-03 
■09 
•15 
■21 
■27 
-33 
■40 
■62 
■66 

■77 

■90 
1-10 
1-40 
1-C5 


No Bet. 

In 6"= -42 Set-04 
.. = -65 

.. = -80 
.. = -OB 
.. -1-20 
.. =1'60 


1706 


1760 


■06 
-06 
■06 
■06 
■06 
•07 
•13 
-13 
•12 
■13 
■3 
■3 
■26 


17 


Do. 
Oreen. 


34 


-985 


1-03 


746-6 


20 
40 
60 
80 
100 
120 
140 
160 
ISO 
200 
220 


■05 
■10 
-16 
■20 
•26 
■33 
■40 
■60 
■83 

■76 

■90 


Both tlii* apecimen and the former vere 
veryitraighl in Ihegrsinand free of knot*, 
and were fairly ilrained. 

NoMC. 

Set =-53 
.. =66 
.. --80 
.. -05 


1703 


1764 


80 


■06 
■05 
■06 
•06 
■07 
-07 

■13 
•13 
-15 



ON AHSBICAN TUBER. 
EXPERIMENTS CONTINUED. 



1 


of 
Wood.. 


1 


6 

S 

I 


t; 


5 

! 


i 
1 






RlMlUS. 




<l t 


olumni of 


ll 




'' 1 


17 


Bock Eta, 
Oreeu. 


34 


'985 


1-03 


745-5 


240 
300 

aso 


1-10 

I '50 


SM-130 
..=1-60 


1705 


1761 3 


-4 


18 


Green. 


94 


I-Ol 


1-0 


761-6 


so 

40 
60 
80 
100 
IM 
140 
160 
180 
800 
SIO 
320 


-06 
-12 
•18 
■34 
■32 
•40 
■66 
-76 

1-06 
1-flO 
370 

7-3 


B«-'05 

Slipped thrcnigli tupporta witliout breBkine, 
knd W ihen a <et of 10 inch. 




3 

• 


-06 
. -06 
. -06 
. -08 
. •OB 
■15 
. -2 
- -3 
. •76 
-g 
4^6 


19 


Do. 


24 


I-O 


1-04 


763 


SO 
40 

eo 

80 
180 
ISO 

\Z 

180 
300 
320 
240 
360 
360 




■03 
■06 
09 
16 
21 
28 
40 
52 
67 
95 
45 
■05 
00 
■0 


Thi. .pedmen exhibited bul a very fJight 
■yiDploni af fnu^Iore after slipping through 
the lupport, it bad B Ht of 1-3 Kud en boat 
afterward! thU wu rediued l^O. 

NoKt. 

In 6' = 3-0 
In 10-= 6-8 




S 


•OS 

. -03 

•06 

. •oe 

. ^07 

•IS 

. -13 

. ■16 

•38 

■B 

. ■OO 

l^Sft 

. 31 

fl ■033 

•034 
. •OS! 

■033 
. -034 

•034 
. 033 
. -034 
. ■OSS 

■048 
. -06 
. -1 

'• -12 
. -36 


SO 


White Aih, 
Oreea. 


34 


1-03 


1-04 


781 


30 
40 
68 
80 

100 
30 
40 
60 
80 

■200 
2(1 
40 
60 
80 

300 
20 
40 
60 




■03 
063 
097 
131 
184 
198 
333 
365 
298 
333 
38 
43 
63 
63 
73 
85 
85 


In 6' -'46 Set = -04 

.. =77 
.. =-00 


1938 


„» 


91 


Do. 


34 


102 


1-04 


698 


20 
40 
60 
80 

100 
30 
40 
60 
80 

200 
30 
40 
60 
80 

300 


■02 
-064 
-088 
■122 
-166 
■100 
■224 
■258 
•293 
■340 
■40 
■47 
■67 
■67 
■80 


No set. 

Set— 60 
.. =-70 
.. =-68 


1968 


3 
2009 


-034 
. -834 
. -034 
. 084 
. -034 
- ^034 
. ^034 
• -034 

■ ■034 

■ -048 
. 06 

. ■? 

■1 



S2 



LIEUTENANT DENISON'S EXPERIMENTS 



EXPERIMENTS CONTINtJED. 























1 Columns of | 


1 


Names 




• 




• 


1 

•s. 






>«£ CO 


< 

•3 1^ 


DIfierences. | 




g 




of 


•-If 

24 


II 


■« 


& 


Cm 


a < 

Q.S 
1-0 


RnLAKKS. 


'^ -5 


6 S 
% 6 

21 


Woodf. 


1 


n 

104 


1 

CO 


1 

320 




S-s-i •& 

^& CO ^ 


1 


White Ash, 


102 


698 


Set=105 


1958 


2009 ^ 


•18 




Oreen. 










40 


1-36 


.. =1^40 




• • 


•2 


22 




24 




•98 




60 
20 




Broke ; deflection » I '95 




. . 


•85 


White Ash, 


•96 


641 ^6 


•045 












seasoned 










40 


•095 






20 


•06 




partly. 










60 


•13 








•035 














80! ^175 








•045 














100 


•22 








-045 














20 


•26 








•04 














40 


•305 








•05 














60 
80 


•355 
•405 


Set » ^015 


2082 


2126 ;; 


•05 
•05 














200 


•47 


Set= ^50 






•065 














20 


•55 


.. =•57 






•08 














40 


•63 


.. = •OS 






•08 














60 


•73 


.. = -79 






•I 














80 


•86 


.. - ^94 






•13 














300 


103 


.. =116 






•27 


23 




24 




1-0 




320 
20 


1-24 
•047 


Broke, 1^75 with a bng splinter. 






•21 


Do. 


•06 


643 






















40 


•095 






20 


•048 














60 


•145 








•05 














80 


•19 








•045 














100 


•225 








•035 














20 


•27 








•045 














40 


•32 








•05 














60 


•36 


Set =•02 






•04 














80 


•42 




2000 


2040 


•06 














200 


•48 








•06 














20 


•55 


Set= •Ol 






•07 














40 


•66 


.. = 74 






•11 














60 


•79 


..=•88 






•IS 














80 


•96 


.. =1^09 






•17 














300 


117 


.. =1-45 






•21 


24 




24 




•97 




320 
20 


1-55 
•05 


Broke fairly, deflection = 1*70 






•38 


Rock Elm, 


•93 


743 












Oreen. 










40 
60 
80 

100 
20 
40 
60 
80 

200 
20 
40 
60 


•11 
•16 
•20 
•25 
•29 
•34 
•39 
•45 
•51 
•58 
•66 
•76 


Set = ^02 

= -53^ 
= •Ol 

= -71 

= ^83 V in 2' 


2331 


20 

• • • 

2380 


•06 
•05 
•04 
•05 
•04 
•05 
•05 
•06 
•06 

•07 
•08 
•1 














80 


•90 


= •OS 








•14 














300 


104 


= M9 








•14 














20 


1-26 


= 1-49 J 








•22 


26 




24 




•98 




340 


1-58 


Broke with a long splinter, deflection ^V^b 






•32 


Do. 


•07 


755 


20 -04 






















40| -09 






20 


•05 














60 -14 








•05 














80, •IS 








•04 














100 -22 








•04 














20! -26 




2318 


2399 


•04 














40i -30 








•04 














60 -35 i Set =-03 






•05 














80 -41 








•06 














200 


•47 


V^\-^ 






•06 














20 


•54 






•07 



ON AHEEICAN TIMBER. 
IXPERIHENTS CONTINUED. 

























Columa. of 1 


1 










i> 


1 








? - 


DiOeTencr*, | 


Nunn 




a 




"C 


.5^ 




«-? ■- 


ill 






a 


of 


.9-- 






I 


■s1 


RllUBKI. 


? gs = 


i 




■3^ 


Wdodi. 


li 


1 


i 

■08 


I 


i 

340 






IjV 


1 


3b 


Bock Elm, 


31 


■87 


75B 


■62 


= -c;-) 






30 


■08 




Green. 










60 
80 




73 
86 


= ■80| 








■1 














300 




97 


331 B 


2398 




■11 














SO 


1 


16 


-1-30 








-19 














40 


1 


37 


= 1-62 J 








■21 










■88 




360 


1^7fl 


= £-20 cracked. 








-38 


2e 


Swamp Aih, 


84 


■86 


9S17 


20 


■06 














Green. 










40 
00 
80 
100 
40 


I 


13 
20 

2 

00 


nB' = lia 


1141 




20 
40 


■07 
■07 
■07 
■16 
■67 
Broke 


37 












leo 












Do. 


34 


10 


■B8 


919-8 


ao 


-03 
























40 


■09 








20 


■08 














CO 


■16 










•06 














80 


■21 










■08 














100 


■30 










■09 














20 


■61 




1189 






•21 














40 


■63 










■12 














60 


1-03 










■4 














70 


1-30 








io 


■37 














BO 


200 










•7 














190 




BrcJte, deflection-' 3-33 








Broke 


SO 


Bteckdth, 


84 


■98 


1-0 


608 


71 


■40 














giwn. 










99 
113 


■»7 
1.40 


In 6' = 1^60 


735 




3S 
14 


•87 

•43 


29 












120 




Gave way suddenly. 






7 


Broke 


dJ! 


a4 


■98 


■98 


■468 


71 


■28 
























137 


■7S 




988 




66 


-47 














156 




Broke in 3 minula. 






38 


Broke 


30 


While Bick. 


S4 


•97 


■« 


B39 


30 


0*7 














ory. 










40 




096 








30 


■048 














60 




U2 










■047 




pretty dry. 










80 
100 
30 
40 
80 
80 
300 




189 
236 
28 
3.1 
J9 
46 
64 


In3'= '36 Set=>'01 
.. = '41 
.. ^ ^46 








■047 
■047 
■044 
-08 
■06 
■07 
•OB 














20 
40 
00 




66 
76 
92 


..=■83 
.. =1^00 


2170 








18 

1 
18 














80 




10 


.. =1-32 










18 














90 


1 


40 


.. =!-53 






io 




3 














300 




63 


.. =1-73 










22 














10 


1-79 


.. =1-90 










17 














330 




330, however, made 110 fracture, and il 
would pntbikbly have iUnd n good deal more 
ao the next specimeii bent 4-6 before il 
gave a symptom of rrocture. 










31 


White flick. 

017. 

Pretty dry- 


24 


•04 


■94 


834 


30 
40 
60 
80 
100 
BO 
40 


■06 
■10 
■IB 
■21 
■20 
■33 




2340 


2569 


30 


■Oft 
■06 
■06 
•06 
■06 
■08 



u 


■ 


■ 


LIEUTENANT DENISON's EXPERIMENTS 




■ 


■« 










EXPERIMENTS CONTINUED. 








^ 


























Cotumal of 






t 


Names 








■> 

1 


i 


--■H 




^ 


■<1 . 


Difference 












4 S 


of 

Woods. 


ii 


1 


■d 


s 

■^ 




RlMjkUCC 


IfP 


= 11- 
|1~ 


1 


: 






IS E 




2M 


n 


Q 


^ 


Q.= 




tS^ w 




Et 


( 






31 


Whita Hia- 

ory. 

Pretty dry. 


34 


■04 


■94 


634 


16C 

80 
300 
30 

(W 
60 
300 
310 


•48 
■65 

■67 

■80 
■95 
1-18 
1-50 
1-90 
4-60 


Began toorack ; this piece was fairly itrained 
and a slight increue in the Bexurs would 


2340 


3569 


io 


-08 
•07 
-12 
■13 
■16 
■23 
■32 
•4 

3-7 




"sa" 


BlaABirdi, 


24 


1-oa 


1^0 


781 


30 


■06 












Grwm. 










40 
00 
80 
100 

20 


■10 
-15 
■20 
■28 
■33 


No ut. 


1387 




20 


■oa 

■06 
■05 
■06 
■06 


















40 


■39 








■07 


















GO 


■49 


In 3' = -50 


























ao 


•GO 


.. =-06 


























200 


■BO 




























30 


I'DO 


In 5' = 1-10. 








■2 


















340 




Broke suddenly n-ithoiil wnrning. 












33 


Do. 


34 


1-02 


Ifl 


7628 


20 


•04 


























40 


■08 








20 


■04 


















60 


■13 










■04 


















ao 


■17 










■05 


















too 


■23 










■05 


















20 


•27 




1387 






■06 


















40 


■32 


No«rt. 






■05 


















60 

uo 


•48 










-08 
-08 


















200 


■62 










•14 


















20 


■76 


In 5'--80 








-13 






34 












340 




Broke like the rormer. 












Vdkw Birth, 


34 


'99 


1-0 


7G7-7 


20 


■033 


Thia ipecitneii had » alight let originally, aod 








' 
















40 
60 

80 

luo 

20 
40 
60 


■046 

■07 

•11 

■20 
■38 
■36 
■48 


KOI placed with the cuncarity duwDwardi. 

Nowl. 
In 6' = -39 


1212 


1223 


20 


•023 
■034 
■04 
■04 
■06 
■08 
■08 
■12 








_^^_ 










200 


•60 


Broke; defleotion^MO 








-12 




35 


Do. 


34 


-90 


■99 


745-4 


20 


■04 


























40 


■08 








20 


■04 


















CO 


•14 










■OS 


















BO 


■30 










■06 


















too 


■20 










■06 


















20 
40 


■32 
■38 


No let. 


1468 


U73 




■06 
•08 


















60 


-48 










■10 


















80 


•BO 










■12 


















200 


■78 


::S; "■ 








•13 


















20 


■HS 








■13 






3« 


White Cedar, 


84 








340 


(■lO 










■26 




■09 




367 


211 


■10 
















or 












■20 








20 










Arbor Vil«. 










60 

811 


■32 

■47 


Nont. 


805 


ei3 




-13 
■16 


















100 


■70 








■23 


















I2(J 


l'30 


Broke. 






■6 


J 
















'/ 




■ 


I 






^ 


^ 



ON AMERICAN TIUBEE. 
EXPERIMENTS CONTINUED. ENDS LOOSE. 



























Column! or 




■i 










.i' 


■B 








o 


Uiffer™c«*. 




} 

37 


Nsmea 
of 

Wood.. 


1 


B 


■^ 
II 


1 


1 

■f 


11 


Rem* HIE, 


t 


^IT- 
'S is - 

if 


i 

i 


1 




WbiteC«d«'. 


24 


■00 


1-0 


A53 


20 


■11 


























40 


•22 








so 


■11 
















SO 
80 


■36 
■50 




727 


730 




■13 
■16 
















10« 


■78 


InS'^M 








■35 




"m 












ISO 
20 


(■36 
■04 


Broke. 







— 


•61 




White Beech, 


24 


■99 


■39 


718 












Onto. 










40 
60 
SO 

100 
20 
40 
60 
IM 

200 


-00 
■H 
■19 
■24 
■29 
■31 
■45 
*0 

•76 


No set. 
In 5- Ml --48 
■48 in ft' 


1360 


1369 


90 


•06 
•06 
■06 

•05 
■05 

•OS 

■16 
■16 
















330 
20 


l-OO 


Broke. 








■26 




30 


Do. 


34 


■87 


■99 


704 


•04 


























40 


■09.1 








30 


■053 
















60 


■146 










■063 
















00 


-1.99 










■053 
















1(H) 


-25 










■061 
















30 


■3J 
■43 


Nowi 


1400 


1416 




•09 
■09 


















■68 










•16 
















80 


•75 










■17 
















200 


I'OS 


111 6 = 1-16 








•30 
















210 


1-30 


Broke luddenly. 






ID 


■26 




40 


Red Beech, 


24 


I-O 


1-0 


831 


30 


■02 














Green. 










4U 
60 
80 

100 
SO 
40 
60 
80 

300 
20 
40 
60 

265 

20 


•06 
■10 
■14 
■18 
-22 
•30 
■31 
■40 
•50 
■86 
■85 
1^20 


Notet. 

n 5-= -56 
n lO*- -78 
.. -1-0 
n 30' = l-6S 


1590 


1634 


20 


-04 

•04 
■04 
■04 
■04 
■04 
■06 
■09 
•I 
■15 
■2 
■36 
Broke 




41 


Red Beech, 


S4 


-996 


■99S 


7868 


■02 
















Green. 










40 
60 
BO 

100 
20 
40 
60 
80 

200 

40 
60 
70 
7s 

BO 
285 


-06 

-14 
-18 
■22 
■26 
■33 
-40 
■50 
1-48 

■62 

1-73 

1-B2 
1-93 
230 


n a'^'Se Notel. 
.. =-36 
q20'--46 
n3Ghoun=l-42 

Broke in half an hour grBduiUy; 


1736 


1787 


SO 


-04 
-04 
■04 
•04 
-04 
■04 
■07 
■07 

■08 

■07 
■07 
-I 

■38 




4S 


Black Oak, 


24 












broke exactly In (lie middle. 












■98 


•99 


9568 


20 


■05 
















Green. 










40 
00 


■10 

-u 




1608 


1643 


20 


■06 
•06 



LIEUTENANT DENUONS EXPBRIHBNTS 
BXPEBIHENTS CONTINUED. ENDS LOOSE. 

























Columns of 1 


' 










>. 










< 


DitfEreac«. | 




Nimn 












"M 






ifi 






s 


of 


=.-J 


I 




^ 






RlHJHIS. 


t^^h 


. 


S 


■8. 
^1 


Wood.. 


u 


1 


1 


^ 




11 




ill 


f 


1 


6fi 


Beech, 


24 


1-0 


10 


710 


253 
207 
20 
StfS 
30<J 
»l!l 
335 


■97 

116 
120 
1-26 
r3S 
1-60 


ln20' = M0 
Broke in 2 lioun. 


I960 




10 
6 


■06 
■18 
■06 
-05 
■10 
•16 
Broke. 


56 


Black 8pru» 
Oreen. 


24 


99 


1-0 


C70 


Dl 


■20 
■36 


In 10' = 37 


110!) 




36 


■16 














\M 


■4H 


[n lo-^sa Sn>^OS 




28 
















1U3 


1-2& 


Broke ill 3 








■77 


67 


Do. 


24 


■076 


■MS 


874-8 


7: 

12; 
166 


■23 
-36 
■63 


Iiil0'=37. No«l. 

In 10- = -60. 

Gave way directly, deflectiim - ■BS 


003 


m-B 


38 


■12 
■18 
Brake. 


68 


Soft Mapte, 
Green. 


a 


101 


1-02 


718 


71 
99 
187 
las 

183 
211 
230 
263 


■17 

■2a 
■30 
■37 
■60 
■75 
MS 
1-30 


lu 10'^-40 Sei^05 
.- =-«0 

InlO- 


1524 




28 


■05 
■08 
■07 
■13 
-25 
-38 
■17 




Do. 


24 






640 


287 




Oava way Hiddenly. 






-- 






-10 




















13; 


■22 








28 
















161 


■76 










■63 














iir 


■fffl 
























i>ii 


■m 










•1 














239 
2S3 


■ ■06 

■ ■20 




J 762 


1793-3 


li 


■13 
■IS 
















1-30 




































■05 














•,*HI 


l-th 
























2HI 












■1 






34 


■D6 


!■« 




206 


1-BO 


In 6' gave way suddenly, deflection = IBi 








■26 


BO 


Do. 


BAO 


71 


■20 
























12: 


•30 
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III. — On the Application ofS/eam as a moping Power, considered espedaUy iwM 
reference to the economy of j4tinospheHc arid High Pressure Steam. By 
Oborgb HoLWORTJir Palmer, M.Inst.C.E. 



Although the question relative to the comparative power of the Cornish and 
other engines has engaged the attention of this Institution, (and doubtless that 
of every practical engineer,) still no conclusion has been arrived at satisfactorily 
explaining upon what principle, tlie duty of the former engines so far outstrips 
the best reported duty of the Watt engine. The diflFerence is truly astounding, 
for it is officially asserted that the average duty of ten or twelve of the Cornish 
enpnes amounted to 70,000,000 lbs. of water raised one foot high by the 
expenditure of one bushel of coals ; and in some instances a result has been 
brought out so high as 100,000,000 lbs. and even 120,000,000 lbs. by the like 
expenditure of fuel. Even the 70,000,000 lbs. duty appears to me to be so 
wide of the mark, as compared with the best stated result of the Watt engine, 
(viz. 28,000,000 lbs.,) and the maximum effective power hitherto generally 
obtained by the consiimption of one bushel of coals, that I am induced to 
address the Institution on the subject ; and although the statement I herewith 
submit for consideration only furnishes presumptive evidence, that the state- 
ments of our Cornish friends involve some error, the proof is in my mind so 
powerfully conclusive, that nothing short of the actual admeasurement or 
weighing of the water, stating the altitude such water is raised, together with 
the weight of fuel consumed, will induce me to believe otherwise than that the 
data on which the calculations have been based are in some respect erroneous. 
Such is my conviction, on the evidence at present before me, and which I trust 
will on perusal clear me from the imputation of egotism. 

I care not whether the steam applied as a motive power be what is termed 
atmospheric, or high pressure ; whether it be worked expansively or otherwise ; 
whether condensed in a vacuum or blown into the atmosphere ; whether the 
engine be of the description technically denominated single, double, or atmo- 
spheric ; or in fact whether the steam be applied to any other description of 
apparatus, human ingenuity and wisdom may devise, even in the absence of 
dl friction ; in short, if all the moving parts of the engine were in equilibrio and 
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■ being put into motion by the least appreciable amount of power; 
and neither the steam nor water meets with resistance in its passage through 
valves, cocks, pipes, &c., and the steam undergoes no change of density, 
elasticity, or temperature from the instant it is generated till it has performed 
its intended duty ; supposing these physical impossibilities could be accom- 
plished, I conceive that 70,000,000 lbs. of water cannot be raised one foot 
high, by the consumption of one bushel of the best Newcastle coals, weighing 
84 lbs., unless more than one cubic foot of water of 40° F. can be converted 
into atmospheric, or high pressure steam, by the consumption of 7 lbs. of 
fuel. 

From the discoveries of the illustrious Italian Philosopher Torricelli we are 
all aware that the maximum pressure, or elasticity of the atmosphere, at the 
level of the sea, does not exceed a column of mercury 31 inches high, or that of 
water 35i^r feet in altitude, which amounts to about 15 lbs. pressure upon every 
superficial inch of the earth's surface. 

^Ve know that one volume of distilled water will, when converted into 
atmospheric steam, (barometrical pressure 30 inches,) fill a space 1694 times 
greater than when in its liquid state, (temperature 40° F.,) supposing such steam 
is kept at the precise temperature and elasticity at wliich it was generated. 
We know also that the said steam, when reduced to its original temperature, 
(the atmospheric pressure being unchanged.) will assume instanter its original 
state and bulk, or occupy 7 -jVith of the cubic space which it occupied when 
in its gaseous form. 

We have evidence also (founded on the most acciuate experiments, and which 
are not hkely to be surpassed by the decomposition of coal in the furnaces of 
steam engine boilers, with all the " jacketing " that may be applied, in order to 
avoid the loss of caloric by radiation froift the boiler, cylinder, &c.) that 
seven pounds of good bituminous coal is required (when the combustion of its 
inflammable matter is nearly perfected, when no excess of, or undecomposetl, 
atmospheric air escapes through the ignited fuel, and when the least quan- 
tity of radiant caloric escapes from the steam generated) to convert one 
cubic foot, or 62^ lbs. avoirdupois, of distilled water from 40" F. to at- 
mospheric steam, at an elasticity corresponding with a barometrical pressure of 
30 inches. 

From the aforesaid data I will show that nature cannot herself produce a result 
(in the absence of all friction as before premised) amounting to one half of what 
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is stated to be the duty of some of the Cornish engines, if the authorities 
referred to can be relied on. 

If therefore one cubic foot of water is convertible into atmospheric steam, by 
the caloric evolved by the combustion of 7 lbs. of coal, 1 2 cubic feet of water 
would require, under like circumstances, 8-1 lbs. or one bushel of coals. Now 12 
cubic feet multiplied into 1694 cubic feet or volumes gives 20,328 cubic feet 
of steam, which amount represents the precise quantity of water which 
would occupy its place when such steam Is reduced to the temperature of 
40° F,, and which we will suppose would rise 35 feet high, which we are 
aware exceeds not only the average, but the maximum barometrical column. 
It therefore only remains to multiply the aforesaid 20,328 cubic feet into 62^ 
pounds, and that product by the assumed altitude the water is raised in a 
vacuum, viz. 35 feet, when we shall have the maximum eifect nature is 
capable of accomplishing, viz. 1,970,500 lbs. of water raised 35 feet high, or 
44,467,500 lbs. one foot high, with one bushel of the best Newcastle coal. 

Having shewni the maximum effect that can be accomplished by the applica- 
tion of the atmospheric steam, generated by a given quantity of fuel, my next 
object will be to demonstrate that high pressure steam, when applied ex- 
pansively, cannot produce so great an effect as atmospheric steam, thereby 
meaning to infer that no high pressure engine can perform the same amount 
of duty as a condensing engine, both consuming equal quantities of fuel. 
This is my deliberate opinion, founded on tlieoretical and practical experience, 
and which coincides with the opinion of almost every practical engineer 
whom I have consulted on this important subject. But what says the 
authority before referred to ? — for in this as well as in the former question, just 
discussed, my arguments shall l>e drawn from the established laws of nature. 

1st. That the sum of sensible and latent heat in steam is a constant quan- 
tity, viz., about 1172° F. 

2ndly. That all matter, (steam, of course, included,) whether solid, liquid, or 
gaseous, from the most dense and refractory to the least ponderable, evolves caloric 
on compression, or increase of specific gravity, and absorbs caloric on dilatation, 
or when Its specific gravity is diminished. 

Srdly. To convert equal quantities of water of any assignable temperatiure, 
and under like pressure into steam of given temperature and elasticity, requires 
equal weights of fuel to be expended ; but, although equal weights of water 
must absorb equal increments of caloric, when atmospheric steam is generated, it 
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does not follow that all tlie caloric absorbed in high pressure steam 13 exclu- 
sively supplied by the fuel expended. The law maintained is simply this, that 
the same causes produce the same effects. 

4lhly. That steam of two, three, or more atmospheres elasticity, is not 
composed of two, three, or the like number of volumes of water contained 
in an equal volume of atmospheric steam, when generated under the same 
barometrical pressure, but contains proportionably less water as the pressure 
imder which the steam is generated increases. 

In proof of the foregoing theorems, 1 beg to adduce the following expe- 
riments and observations. 

1st. If steam be blown through and condensed in a given weight of water 
of any previously determined temperature, until the said water arrives at, say, 
212° F., the quantity or weight of water added by such condensation, will be 
precisely the same, whether the steam employed be of atmospheric, double, 
treble, or more elasticity, thereby establishing the extraordinary fact, that all 
sensible caloric, exceeding 212° F., positively goes for nothing, it having become 
latent by dilatation. In this experiment, it is necessary to observe, that the 
steam condensed has lost no caloric by radiation till after such steam was con- 
verted into vapour, and the effect sought had been produced. How then a 
saving of fuel can arise by the use of high pressure steam worked expan- 
sively is to me an evident paradox, unless by some power utterly beyond my 
comprehension ; the sensible caloric can be prevented from becoming latent by 
dilatation, which, I need scarcely add, no power can accomplish. 

Again, generate steam in a suitable apparatus at, say, 500° F., and permit a 
jet of such steam to blow upon the bulb of a thermometer without the boiler : 
it will be observed, that the steam impinging thereon, registers a tempe- 
rature below blood heat, (98° F.,); remove the lamp that kept up the aforesaid 
temperature of 500 degrees, and let the jet of steam continue to play upon the 
bulb of the said thermometer till it ceases to blow from the boiler, at which in- 
stant of time the thermometer within and without the boiler vidll indicate the 
same temperature, viz. 212° F. In this experiment, it is no more remarkable 
than true, that while the steam in the boiler is descending from 500° to 212°, 
that the steam blowing into the atmosphere is increasing in its temperature 
from 98° to 212°. Here then we have 402° of sensible caloric becoming latent 
by dilatation, thereby increasing the amount of latent heat in the steam of 
500° from 672° to 960°, the quantity due to atmospheric steam ; while in the 
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Steam of 98° there is 1074'' of latent heat. As atmospheric steam can be applied 
without converting sensible into latent caloric, and as the sensible caloric 
therein contained is of a maximum effective quantity, it follows that its applica- 
tion as a moving power, must, under every possiijle application, be more econo- 
mical than high pressure steam worked expansively, on a comparison of the fiiel 
expended in the two cases. 

It remains to be explained why steam of 500° temperature, and of 
an elasticity equal to 44 atmospheres over and above the atmospheric pressure, 
denotes, when blown into the atmosphere, a temperatiu'e of 114° below that of 
atmospheric steam. 

In one measure of steam of 45 atmospheres elasticity and of 500° tempera- 
ture, there is considerably less water than is contained in atmospheric steam 
of 45 times its volume or cubic contents, consequently such steam, when expanded 
under atmospheric pressure, necessarily converts a greater portion of sensible 
into latent heat, than if the steam thus expanded had contained the quantity of 
water due to forty-five measures or volumes of steam generated under a barome- 
trical pressure of 30 inches. Another portion of the sensible caloric lost or be- 
come latent, is due to the steam expanding beyond what its density and tempe- 
rature would assign under atmospheric pressure ; this result of the compressed 
atoms flying too far asunder is similar to that in which a spring of certain 
elasticity, when suddenly let go, recoils beyond its true position, being carried 
thither, by reason of the momentum acquired and due to its weight, elasticity 
and velocity ; so great indeed is the eflect produced by the two causes assigned, 
that steam of 45 atmospheres elasticity passes instantly, (when expanded under 
atmospheric pressure,) from the gaseous to the liquid form. 

The second theorem admits of innumerable proofs, but a few examples wiU 
sufBee to establish the fact, that change of specific gravity cannot possibly be 
effected without caloric being either given out or taken up ; that is, either latent 
heat becoming sensible by diminution, or sensible heat becoming latent by increase 
of volume. Compress permanent gaseous matter, and in proportion to its increase 
of specific gravity will sensible caloric be evolved, let this gas cool down to the 
temperature of the apartment, and let the compressed gas suddenly expand to 
atmospheric elasticity, when the sensible caloric before evolved by compression 
will be instantly reabsorbed and become latent, thereby producing a diminution 
of temperature even sufficient to freeze water. This was a common experiment 
at the Portable Gas Works in this metropolis. In the Philosophical Tinder 
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Box we can generate with a smart stroke of the hand, sufficient sensible caloric 
from compressed atmospheric air to ignite Dutch tinder. Liquids as well as 
gaseous matter will, by increase of their specific gravity, also give out sensible 
caloric, as is witnessed by the admixture of about four measures of distilled water 
with one of concentrated sulphuric acid, when the compound will, in a few 
seconds, exceed the temperature of boiling water. The very familiar experiment 
of slaking concrete caustic lime by the application of water, and the caloric 
thereby evolved, is the necessary consequence of the water assuming the solid 
state. Sohds also, as well as liquids and gaseous matter, are governed by the 
same law, for an expert smith will, Ijy a few blows of a hammer upon a malleable 
piece of wrought iron, elicit sufficient sensible caloric to make it red-hot, so as to 
explode gunpowder therewith. The caloric evolved is exclusively the result of 
the metal's increase of specific gravity by striking the iron at right angles, by 
which operation the cohesion of the atoms of metal are so destroyed by separa- 
tion as to require welding before the experiment can be successfully repeated ; 
not that the fractured iron receives a new supply of sensible caloric in a latent 
state by being heated in the fire, as has been asserted, but by reason of the 
shattered particles of metal being rendered In a fit state to receive the blows of 
the hammer without flying to pieces, which would be the case but for the 
fact of the fractured metal being again united by the process of welding. Each 
atom of metal actually contains sufBcient caloric in a latent state (when liberated 
by percussion or any other mode of concentrating the particles of metal) to 
destroy the metal's identity by converting it into a perfect oxide, as is witnessed 
by the combustion of the particles of iron or steel abraded by the flint, in 
the act of striking a light, as it is termed. The late Mr. Wedgewood, to his 
astonishment, elicited calorie by the friction of two incombustible substances, 
viz. glass and stoue ; but he seems to have had no idea that this phenomenon 
was the result of compression or incsease of specific gravity by the friction and 
abrasion of the matter thus acted upon. Of the latter case, we have the most 
striking proof in the following experiment, viz., that a cast-iron bomb, when filled 
with water and subjected to an intense frigorific operation, does not assume the 
solid state (ice) till the cast-iron shell is ruptured by the combined efforts of the 
metal contracting, and the water (in the aggregate) expanding, thereby over- 
coming the cohesion of the metal, when the shell bursts, and the water instantly 
becomes solid; at that instant caloric is evolved ; and to shew the beautiful har- 
monious working of nature in the chain of cause and effect, no evolution of caloric 
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takes place till the water is frozen, thereby shewing that a concentration of 
matter has taken place. The fact of water, in a concrete form, floating on water 
of the same temperature, is cited by philosophers as one of the exceptions to the 
general law — ^namely, that caloric ia evolved with a diminution instead of an 
increase of specific gravity, founded on the abstract fact, that ice (and, I may add, 
saline solutions) at the instant of crystallizing swim instead of sink. The cause 
of which phenomena should lie sought for in the innumerable cells or spaces 
charged with air; or, in the buoyancy of those cells or air-vessels in the aggre- 
gate more than compensating for the increase of specific gravity the water under- 
goes by congelation, thereby producing the paradox In question, viz., an evolu- 
tion of caloric, and yet an apparent loss of specific gravity, judging from the 
abstract fact of the ice swimming upon -water of the like temperature. We 
therefore learn the fact, that the water at the instant it assumes the solid form 
both contracts and expands ; by the former caloric is evolved, and by the latter 
(not in each atom, but in the aggregate) it floats upon water of its own tempe- 
rature, not because the ice is specifically lighter than the water, but by reason 
of air cells or vacuities before referred to. The experiment of Perkins, whereby 
a soft malleable wrought-iron plate, revolving at an immense velocity, not only 
cuts its way into a file apjilied thereto, but elicits such a coruscatetl blaze by tlie 
combustion of the steel and iron abraded, as to astonish even the scientific be- 
holder, furnishes evidence of the result of the compound operation of friction, 
and consequent increase of specific gravity of the metals abraded. Not 
the least apparently astonishing part of this performance is, that of the hard steel 
file being cut by the comparatively soft malleable iron plate; but all astonish- 
ment will, no doubt, cease on remembering that the density or hardness of the 
file as compared with that of the revolving plate, is in a much less ratio than 
the area or the rubbing part of the latter, as compared to the area of that part 
of the file coming in contact or rubbed therewith. For example, the file is pro- 
bably not twice as hard as the revolving plate, whereas the grinding surface of 
the latter probably exceeds the area of the file ground one himdred times ; hence 
the wear of the file is inevitable. I cannot doubt but that the particles of 
wrought-iron abraded and excited into combustion, greatly exceed in number 
the atoms of steel. This is not discoverable on superficial observation by reason 
of the great diameter and increased surface of the revolving plate, viewed in 
connexion with the surface or quantity of the file detached in the operation. 
That a soft elastic substance will wear away more dpnse and inelastic matter^ 
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is verified by the well known fact that the cuticle or scarf skin of the hand 
wears away both cast and wrought metal hand-rails ; and what appears still 
more astonishing, but is nevertheless well authenticated, is that of the marble 
steps leading to some favourite saint, having been worn quite hollow by the 
friction of the naked feet and knees of pious devotees. 

The third theorem partakes of positive and negative qualities, for each ab- 
stractedly considered neutralizes the other ; in fact, the question admits of no 
other than a false solution, unless the intermediate cause and effects, dilatation 
and the sensible caloric thereby becoming latent, form components of the ques- 
tion, viz. that high pressure steam, when applied expansively as a motive power, 
13 less economical than atmospheric steam when not permitted to expand till the 
piston has completed its stroke. There certainly appears, at first view, some- 
thing very peculiar about highly elastic steam when expansively applied, for the 
fuel saved is positively just so much fuel lost ; paradoxical as it may appear, it 
is really no paradox, but is in strict accordance with the working of nature's 
laws ; and I sincerely wish that ail other supposed paradoxes could be as readily 
cleared up. 

In practice, we observe that every additional atmosphere's elasticity steam 
is generated at, the time is shorter than was occupied in generating the previous 
atmosphere ; even when equal quantities of combustible matter are decomposed, 
or equal increments of caloric are evolved in equal periods of time ; in this case the 
saving of fuel accruing will be in the exact ratio to the time saved, and is ex- 
clusively the result of steam of a given number of atmospheres elasticity con- 
taining less water than is contained in the same number of volumes of atmo- 
spheric steam, the inevitable consequence of latent heat being evolved in a 
sensible state as the steam's density increases ; which caloric, of course, increases 
the steam's elasticity, and is therefore the precise measure or amount of fuel saved 
in generating highly elastic steam, but is unfortunately lost when such steam 
(as will be hereinafter shewn) is applied expansively. Atmospheric steam regis« 
ters a temperature of 212°, steam of ten atmospheres elasticity of 358°, twenty 
of 418^ thirty of 457% forty of 486", and that of fifty atmospheres elasticity a 
temperature of 510°. Here then the quantity of sensible caloric in each atom of 
steam of 510° temperature produces a power infinitely greater than that of steam 
in equilibrio with the atmosphere, which, when condensed in order to gain the 
atmospheric effect, is only one-fiftieth part of the power of steam at 5 1 0' tempera- 
ture, although it is barely 2^ times less temperature than atmospheric steam. 
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Here then is evidence of the saving of fuel, or what is the same thing, de- 
monstration of an immense increase of power obtained by the expenditure of a 
given quantity of fuel ; but what it amounts to in practice may readily be in- 
ferred from what has previously been advanced relative to the change of specific 
gravity. If less fuel is expended to generate steam of every successive at- 
mospheres elasticity, (which every accurate experimenter knows to be the fact,) 
it necessarily follows that every succeeding atmosphere generated contains a 
less quantity of water than the preceding atmosphere or volume. 

1st. Because equal quantities of caloric are required to convert equal quan- 
tities of water into steam, supposing the steam generated to be atmospheric, 

2dly. Because the steam cannot increase in its specific gravity and elastic 
force, without converting a portion of sensible into latent caloric, and this is the 
intermediate cause and effect that is lost sight of; and, 

3dly. Because the latent caloric becoming sensible, necessarily gives an in- 
creased elasticity to the steam through which it is diffused, and the increase of 
elasticity thereby produced is (as before stated) the precise amount of fuel, or 
caloric, saved in generating high pressure steam as compared with the genera- 
tion of a like volume of atmospheric steam. 

It must be particularly borne in mind that the fuel saved refers only to the 
steam's generation, (as before stated,) for it is one thing to generate high ])ressure 
steam, and another to apply expansively the said steam as a motive power ; un- 
less the opponents to the doctrine are prepared to prove that high pressure 
steam, by dilatation or diminution of specific gravity, does not convert sensible 
into latent caloric; or that they are fiu-ther prepared to demonstrate (upon Mr. 
Woolf 's erroneous principle) that the second dose of sensible caloric gives an 
elastic force to the exjianded steam (when maintained at the temperature such 
steam was generated at) equal to the atmospheric pressure. 

Steam at or above 212° temperature is as much a permanent gas as atmo- 
spheric air, unless it be subjected to a pressure exceeding its own elastic force and 
the temperature due to such elasticity ; in which case it would be converted 
into the liquid state. Again, steam is known to be governed l>y the same law 
BS permanent gases (relating to the law of elasticity) when dosed with caloric, 
over and above the temperature at which it was evolved. It therefore remains 
to shew (if not already proved) that the quantity of sensible caloric lost by 
working high pressure steam expansively, can never be compensated for by 
saturating such steam with a second dose of caloric. 
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Mr. Perkins states in the Fourth Volume of the Register of the Arta and 
Sciences, when treating on the subject of high pressure boUers, — " In some re- 
cent experiments I have heated steam to a temperature that would have given 
all the power that the highest steam is capable of exerting, which would have 
been 56,000 lbs, upon the square inch, if it had its full complement of water, yet 
the indicator shewed a pressure of less than five atmospheres." ' 

Here then is steam exerting a force, according to Tredgold's rule, upwards of 
4500 atmospheres, or, by the French philosophers, of 2567 atmospheres, giving 
an elastic force of nearly 38,000 lbs. per square inch, (instead of 56,000 lbs. 
as stated by Perkins,) reduced by dilatation to less than 70 lbs. upon the square 
inch. Mr. Perkins, in a still more striking experunent, generated steam at 600° 
temperature, equal to about 50 atmospheres, and suffered it to escape into a re- 
ceiver, which was destitute of both water and steam, heated to about 1200°, 
which steam, for want of water to ^ve it its necessary density, the indicator 
shewed a pressure of about five atmospheres. 

Proof beyond this (particularly as it is in strict accordance with the laws of 
nature) would be almost superfluous, for here we have steam of 50 atmospheres, 
(should have been 46 atmospheres,) although permitted to exjjand in a receiver 
little short of red heat, indicated no more than five atmospheres elasticity ; if, 
therefore, the second dose of sensible caloric taken up by the expanded steam 
had been as eftectivc as the sensible caloric become latent by dilatation, the 
elasticity of the steam, instead of registering only five atmospheres should have 
denoted upwards of 3000 atmospheres elasticity. 

The fourth theorem, viz. that high pressure steam, of say 10 atmospheres 
elasticity, does not contain 10 measures of atmospheric steam, or what is the 
same thing, ten times as much water as is contained in an equal volume of at- 
mospheric steam, is in my mind so fully established by what has been advanced 
in support of the previous propositions, that it would be wasting the time of 
this Institution to adduce further proof In fact, all the questions are so inti- 
timately connected, and depend so much the one upon the other, that it is diffi- 
cult to discuss or prove the one without demonstrating the other. 

Who, may I be permitted to ask, can believe the phenomena of nature, and at 
the same time advocate the principle that high pressure steam worked expan- 
sively, is attended with a savmg of fuel, as compared with the effect brought 
out by employing atmospheric steam as a first mover ? In my mind, to apply 
high pressure steam expansively as a motive power, even when kept at its 
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generating temperature, amounts to nothing more or less than gaining an advan- 
tage in order to abandon that advantage, and to produce a less effect than can be 
produced by going a less roundabout or circuitous way to work, and thereby 
subjected to all the evils consequent upon substituting complexity for simplicity, 
in addition to the extra capital invested, extra fuel expended, and extra labour 
and wear and tear of apparatus, 

I had hoped the public hints that Mr. Woolf has received would have in- 
duced that gentleman, ere this, to correct the erroneous table he many years 
since promulgated relating to working high pressure steam expansively ; the 
publishing of which has been productive of great evil to practical science ; for 
in addition to Mr. Woolf 's testimony of the validity of the theory then launched, 
may be adduced all those lecturers and authors who in their oral and written 
opinions do not throw out the least hint, much less attempt to prove the fallacy 
of the principle, viz. that steam of a given number of pounds elastic force, over 
and above the atmospheric pressure, when expanded as many times as it exceeds 
in poimds per square inch the atmospheric pressure, would, when so expanded, 
if maintained at the temperature at which it was generated, be equal in its elas- 
tic force to unexpanded atmospheric steam. The late Mr. Tredgold and Dr. 
Lardner (and probably others who have not met my eye) have exposed the 
fallacy of this table; and as their remarks are public property, it will redound 
very little to the credit of those lecturers and authors when made acquainted 
with the refutation, if they do not follow up the subject till the principle is ex- 
ploded, as everj'' theory ought to be that is contradicted by, or in opposition 
to nature's laws. 

I exceedingly regret that Dr. Rohison, who was aware of the doctrine of 
latent heat as expounded by Black, should (in his formula laid down under the 
article " Steam," in the Encyclopaedia Britannica) confound steam and permanent 
gases, by assigning a law to the former (steam) that was only applicable to at- 
mospheric and other uncondensable gaseous matter ; in doing which that cele- 
brated man lost sight of the fact that the sensible caloric becoming latent by di- 
latation could not be compensated for by saturating the expanded steam with the 
same numVjer of degrees of sensible caloric. For instance, heat a given volume 
of atmospheric steam from 219° to 696°, when its elasticity will be about 
doubled, that is, it will maintain a pressure of about 15 lbs. over and above the 
atmospheric pressure ; whereas steam generated at 696° temperature would give 
an elastic force equal to about 112 atmospheres, or multiplied into 1 4, equal 
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1568 lbs. pressure upon the square inch, by Tredgold's rule; thus then we are 
enabled to see and judge of the value between a given number of degrees of sen- 
sible caloric being applied to generate steam, containing its due proportion of 
water, and when the same amount of caloric is applied to expanded steam, 
necessarily deficient of that proportion of water due to its volume, and which 
alone can give the steam an equally effective elastic form, however afterwards 
saturated with eaforic. 

It was a saying with our late worthy President, " Give me facts, for one fact 
is worth a thousand arguments." If the statements given to the public by the 
Cornish Engineers, whose sincerity I cannot doubt, are correct, I dare not trust 
myself to call nature to account for the undue favouritism she confers upon our 
Cornish friends, by enabling them to perform results in Cornwall, that the Lon- 
don, Manchester, and Birmingham engineers cannot approach ; and I shall perhaps 
be excused from expressing my surprise that the question has not been long ago 
set at rest, by some one erecting in London or elsewhere an engine capable of 
raising 70,000,000 lbs., — I will not ask so great a favour as 120,000,000 lbs. — of 
water, one foot high, by the consumption of one bushel of coal. Let this be 
done, and I shall be the first to hail the result as one of the greatest aclrieve- 
ments of man over matter, and give the Cornish Engineers that meed of praise 
they would so richly deserve, wliether for the benefits conferred upon science, or 
upon the manufactures and commerce at large. 

Before I conclude this paper, it may be necessary to refer to the fact, that an 
engine working the steam full power the whole stroke of the piston is found to 
consume rather more than double the quantity of fuel such engine expends, when 
working her steam expansively, by cutting the supply off from the cylinder be- 
fore the piston has completed its stroke ; whereas the increase of the engine's 
power (say a double Watt engine, of 10 horse power) is only in the proportion 
of 10 to 14"(J horses. Now this diflerence refers to steam generated at an elas- 
ticity balancing a column of mercury 35 inches high, consequently little loss of 
power takes place on expanding such steam, by cutting it off when the 
piston has made about four-fiftlis of its stroke, provided it be maintamed when 
so expanded at the same temperature as the steam in the boiler, because the 
steam's density is only diminished one-fifth ; therefore, the loss of sensible caloric 
becoming latent by dilatation, and the loss of power consequent thereon, are very 
nearly compensated for, by the expansive or increased elasticity the expanded 
steam undergoes, by absorbing the second dose of sensible caloric ; excepting, of 



AS A MOVING POWER. 



lo 



course, the loss of nearly 3j lbs. per square inch due to the deficiency of water 
in steam expanded to one-fifth its volume. This is not the case with steam 
generated at 40 lbs. or more upon the square inch when suffered to expand as 
in the Comiah engines, for the loss of elasticity or power is in a greater ratio 
than that of steam balancing a column of mercury 35 inches high, inasmuch as 
steam of greater elasticity contains a less proportion of water tlian steam of less 
elasticity, for the reasons previously explained. 

The causes that may lead to the loss of fuel by working an engine at fial] 
stroke, instead of expansively, I will just refer to. One or more of these com- 
bined (independently of the aforesaid cause, viz., sensible caloric becoming 
latent by dilatation) is quite sufficient to account for the extra quantity or loss 
of fuel expended, by letting the steam act full pressure during the full ascent or 
descent of the piston. 

1st. The engijie not having a constant maximum duty to perform. 
2nd. A portion of the steam escaping between the piston and the cylmder. 
3rd. The valves, slides, or cocks, may not be perfectly steam tight, in which 
case a loss of steam power or fuel is the consequence, and that in a greater ratio 
as the steam's density is increased. 

4th. A portion of atmospheric air may enter the condenser independent of 
that held in solution by the water, and thus throw an additional duty upon the 
Eur-pump and engine. 

5th. Steam blowing from the safety valve when the engine's duty falls 
below its maximum. 

Any of the aforesaid, in addition to bad stoking, by letting undecomposed 
atmospheric air carry off a portion of the caloric generated, or by a loss of fuel, 
arising from imperfect combustion of the fuel passing off in the shape of dense 
smoke at the chimney shafl, contribute more or less to destroy the economy of 
the engine. 

I presume that none will be found to deny, that a constant given power 
multiplied into a given speed of the piston, will bring out a greater result 
than the same power multiplied into a lesser speed, which is the precise position 
in which unexpanded and expanded steam are to each other ; in addition to 
which, must be added to the latter process, (the one universally adopted) the 
loss consequent upon sensible caloric becoming latent by dilatation. The very 
fact of being able to work steiim expansively, not only demonstrates that the 
engine is not working up to, or performing its maximum effective duty, but that 
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the engine is contending with a fluctuating power or resistance, as is the case 
with the Cornish pumping engines, and are consequently working under disad- 
vantageous circumstances. 

If the evidence herein adduced tends to establish the fact that the atmo- 
spheric steam produced by one bushel of coal, applied as a motive power, with- 
out being permitted to dilate even in the absence of all friction, and when the 
barometrical pressure of the atmosphere is greater than what is generally wit- 
nessed, (namely, a column of water 35 feet In altitude,) can raise no more 
than 44,467,.'>00 lbs. one foot high, how is it possible for high pressure steam 
when worked expansively to perform more duty than atmospheric steam, or be a 
more economical process, if we are assured that sensible caloric becomes latent 
by dilatation ? — that the sum of the sensible and latent heats in steam of every 
elasticity is a constant unvarying quantity — that all matter, by undergoing 
change of density, either takes up or gives out caloric — that equal quantities 
of caloric convert equal quantities of water into steam, whether the steam 
generated be atmospheric or high pressure — that atmospheric steam expands no 
more than 1694 limes the bulk of water from which it was generated when 
maintained at the generating temperature — that steam of double, treble, or 
more elasticities, does not contain double, treble, or the like quantities of water 
that is contained in an equal volume of atmospheric steam — and, finally, that ex- 
panded steam, when satiu-ated with the same amount of sensible caloric that it 
lost (or that becomes latent by dilatation) will never acquire the elastic force it pos- 
sessed previous to dilatation. Admit all the foregoing phenomena to be In strict con- 
formity with the laws of nature, and I cannot conceive it possible, but the con- 
viction must follow, that working high pressure steam expansively is less econo- 
mical than working atmospheric steam full pressure. Upon what principle then, 
permit me to ask, can the Comlsh engines perform so much more duty than all 
the other engines. Strong, indeed, should be the evidence that ought to out- 
weigh or cancel the foregoing laws of nature, and induce this Institution to 
sanction statements of duty more than double that of the best Watt engine, 
and still more, surpassing the limits Nature has assigned steam to perform, (under 
circumstances over which man has no control, the atmospheric pressure,) unless, 
as before premised, the Cornish Engineers can convert, with 7 lbs. of coal, more 
than 62^ lbs. of water from 40" F. to atmospheric steam ; and unless highly 
elastic steam can be applied as a first mover without converting sensible into 
latent caloric. 



47 



IV. Dcscripimi of Mr. Henrv Guv^s method of qiving a true spherkalfgure to 
B(db of Metal, Glass, Affate, or oilm- hard Substances. Conimuiiicated ly 
BrYA.V DONKIN, V.P.itist.C.E. 



The principle of Mr. Guy's invention, and the apparatus he employs, will be 
more readily understood, by first stating, generally, that if a ball can be made 
to revolve rapidly in every possible direction, or in other words, if during such 
revolution the axis of rotation be constantly changing its angular position within 
tlie bail itself, whilst a grinding tool is applied to the surface of the ball, the 
most prominent parts of that surface will be first acted upon by the grinder, and 
by continuing the operation, the whole of the higher parts of the surface will be 
progressively ground off, and the ball will ultimately be left of a perfectly 
spherical shape. 

To effect this, Mr. Guy employs two lathe mandrils, such as are used in 
common turning lathes, both of which are fixed in one frame or bed, with their 
axes exactly in a line with each other : the back centre as it is commonly called, 
of one of the mandrils is placed to the left hand, and that of the other to the 
right, thus making the collar or chuck ends to face each other. To each of 
these he applies a wooden chuck of about 8 or 10 inches in diameter, (for balls of 
1 or 2 inches in diameter,) both of which chucks are turned perfectly flat and 
straight across the face, consequently the faces of the two chucks will be paral- 
lel with each other. A quick motion is ^ven to the mandrils in the usual way 
by two bands, but so applied, that the mandrils are turned in opposite directions 
to each other, and with equal velocity. 

Instead of employing both mandrils of the common construction, of a conical 
shape at the collar ends, such as Mr. Guy from necessity at first used, he 
recommends that one of them should have a cylindrical bearing at each end, so 
as to allow of an end motion, or of a motion backward or forward in the direc- 
tion of its axis. As the chucks are employed exclusively for the purpose of giv- 
ing motion to the ball, when interposed between their faces, it is necessary that 
it should be there compressed with such a degree of force as will make it turn, 
notwithstanding the friction of the grinding tool applied to its surface ; and he 
recommends, that the proper degree of compressing force should be obtained by 
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means of a lever, and weight, applied to the back centre of the mandril, so as 
thereby to secure a constant and uniform pressure upon the ball, whatever its 
change of diameter may be. 

Previously to subjecting any ball to this process, it must, either by turning 
or grinding, be brought as nearly as is practicable to a spherical shape, so as to 
lessen as much as possible the time and labour necessary to give it the true 
figure at last. 

The grinding tool is a bar of brass, or copper, of about 16 or 18 inches in 
length, its width shotild be about half an inch greater than the diameter of the 
ball, and its thickness about one-third of its diameter. Near one end of the bar, 
a taper or conical hole is made, the diameter of the wider end of which is made 
a little larger than the diameter of the ball to be ground, so that when the latter 
is put into the hole, a portion of it will project beyond each side of the bar. 
The tool being thus prepared, the surface of the conical hole is charged with 
emery powder, or other suitable grinding substance ; the ball is put into the hole, 
and introduced between the chucks, the other end of the tool being held by hand. 

In order that the ball may be made to turn in every possible direction, the 
ball should be carried slowly and uniformly around the common axis of the man- 
drils in a circular path, using the grinder as a handle, and keeping it nearly in a 
horizontal position ; the axis of rotation of the ball will therefore be succes- 
sively coincident with every radius of the revolving chucks, assuming every 
angle in regular succession, and by pressing the grinding tool against the ball 
during its rotation, the emery will cut down the more prominent parts in suc- 
cession, leaving it ultimately of a perfect form. Of course Ihe farther the ball 
is held from the axis of the mandrils, the more rapid will be its rotation be- 
tween the chucks. 

Mr. Guy finds by experience, that the sides of the conical hole should form 
an angle with each other of about 18 degrees, he likewise observes that the 
narrower the grinding surface is. the better : for in the course of grinding a ball, 
the rubbing surface of the conical hole will be ground into a spherical shape, 
and as it becomes wider, the operation is retarded. 

' It is scarcely necessary to state that diuring the process of grinding, frequent 
supplies of oil and emerj- are required. 

In polishing balls of hardened steel, glass, or agate, Mr. Guy uses wood as 
a grinding tool, charged with tine washed crocus, putty, or other suitable polish- 
ing powders, and the faces of the chucks arc covered with leather. 
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V. — On the crpmmvc action of Steam in some of the Pumping Enqmes on the 
Cornish Mines. Hy TVilliam Jorv Henwood, F.G.S., Secrefaiy <f 
the Royal Geological Society of Cornwall, H. M. Amiy-Master of Tin in 
the Ducky of Cornwall. 

The experiments which it Is my purpose to describe, were instituted with a 
view to the determination of the quantity of steam employed, and the mode of 
its distribution on the working-stroke ; the duty performed with a given quan- 
tity of fuel ; and the work accomplished for a certain expense. 



I. The qtiantity of steam employed, and tlie mode rf its distribution on t/ie 
working sfj-oke, were approximated to by the use of an indicator, lent me for 
the purpose by Robert Were Fox. It consists of a brass cylinder about 1 1 
inches long, and 1'6 inch in diameter, open at both ends, and accurately fitted 
with a piston, wliich, when at rest, is retained near the middle of the cyUnder 
by a spiral spring, of which one end is attached to the piston, and the other to 
the top of the cylinder ; the upper extremity of the piston-rod is provided with 
a receptacle for a pencil. A tapered stopcock is fixed on the lower end of the 
cylinder, and is introduced into the grease-hole or other aperture in the cylinder- 
cover of any engine on which the indicator is placed. A light frame of wood, 
about 18 inches long and 4 inches wide, is fastened to the top of the indicator- 
cyhnder, and in it a small board slides horizontally in grooves. 

During the working stroke of the engine a direct motion is given to the slider 
by means of a string which passes over a pulley, and is connected with the 
radius-rod of the parallel motion. Its return is effected by the action of a coun- 
terpoise suspended over a similar small wheel. On this moveable board a 
piece of paper is firmly secured, and a pencil is placed on the top of the piston- 
rod of the indicator. 

Let us now examine the operation of a single-acting engine, and the move- 
ments of an indicator fixed on it. 

Every thing being at rest, the piston of the engine at the top of the cylinder, 
and the point of the pencil standing at A» (PI. IV., Fig. 4,) steam is admitted 
from the boiler above the piston of the engine ; the piston of the indicator is forced 
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upwards, and the line AB is described by the pencil. The engine now begins 
to move, but so slowly that the steam enters from the boiler more rapidly than 
the piston recedes before it; its pressure in the cylinder, therefore, still increases, 
and the piston of the indicator continues to rise : but as the working stroke of 
the engine commences, the slider moves in the direction GF, and the compound 
of the two motions generates the line BC. At C the space left by the descent 
of the piston is exactly filled by the steam, which enters from the boiler in the 
same tune ; the indicator-piston, therefore, does not stir ; but as the engine 
moves, the slider still advances in the same direction, (GF,) and the horizontal 
line Cc is produced. The piston now acquires speed, whilst the steam (in the 
boiler havmg expanded) enters the cylinder with diminished velocity, and is 
insufficient to fill the enlarging space and still retain the same density : it there- 
fore expands, and the piston of the indicator descends, whilst the slider still 
moves in the same direction, and the curve cD is delineated. At V> the steam 
valve, through which the steam from the boiler enters the cylinder, is closed, 
but the piston of the engine still descends by virtue of the elasticity of the 
steam already introduced, and of the momentum acquired by the moving parts 
of the machine. Whilst the steam expands, the indicator piston descends, and 

as the same horizontal motion of the slider still continues, the parabolic curve 

DE is made by the pencil. 

The equilibrium valve, which connects the upper part of the cylinder with 

the lower, is now opened; and as the steam thus presses equally on both sides 

of the piston, the working stroke terminates, and the return stroke is made ; the 

motion of the slider is at the same time reversed. 

But when this valve is opened, the pipe which connects the top of the 

cylinder with the bottom, and consequently a larger space, is open to the steam. 

and as the slider remains for the instant stationary, the indicator-piston descends 

through the small vertical line EF. 

The return stroke is effected by the weight of the pump-rods alone ; the 

pressure of the steam contained in the cylinder, therefore, remains unaltered, 

the indicator-piston is unmoved, and the line FG, described by the pencil, is 

perfectly horizontal. 

But shortly before the termination of the return stroke, the equilibrium 

valve is closed, and the steam in the cylinder not being of sufficient elasticity to 

sustain the load of the engine, that portion of it which is contained between the 

upper surface of the piston and the cyhnder-cover is compressed between them 
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by the ascent of the fonner, until it is of force enough to support that weight ; 
the return stroke is thus terminated, and the engine stops an instant or two 
before it commences another working stroke. This compression of the steam 
contained in the upper part of the cyhnder, forces the indicator-piston upward, 
and the resultant of this gradual elevation, and of the continued retrograde 
motion of the slider, is the small curved line G A, the pencil at the end of the 
stroke returning to and standing at A. 

It is evident that the form of the portion ABCcD, which is produced during 
the admission of steam from the boiler on the piston, must depend on the load 
of the engine, its size, the dimensions of the steam valve, the pressure of steam 
in the boiler, and the capacity of the boiler itself, and that it will, therefore, 
vary as these particulars may difier. 

The part DzE will deviate from a true parabola only when the steam in 
the cylinder is heated by being surrounded by a steam-case, or jacket, or by 
flues containing warm air, or cooled by the influence of the circumambient 
medium ; consequently it will be generally, pretty much alike in all cases. The 
same reasons and influences are equally applicable to the small and nearly ver- 
tical line EF, and to the longer horizontal one FG. 

But, theoretically speaking, the curve G A is of more importance than any 
other portion of the figure ; because it clearly shows what proportion of the 
working stroke is performed by the beneficial influence of working expansively. 

For wore the steam from the boiler admitted on the piston during the whole 
of the working stroke, or the pressure of the steam (if worked expansively) suffi- 
cient to support the load at the termination thereof, then the luie FG, described 
by the return stroke, would be prolonged horizontally until it intersected an 
extension of the vertical line A B at /v; at which point the pencil would rest 
at the end of the return stroke, and the instant the equilibrium valve closed 
the engine would stop- But it has been seen that the engine continues to move, 
and that the indicator-piston rises and generates the curve GA, after that valve 
is closed : which circumstances clearly demonstrate that the steam included 
between the cylinder-cover and the upper surface of the piston, is meanwhile 
undergoing compression ; and that its elasticity both at the conclusion of the 
working stroke, and at the closing of the equilibrium valve, was insufficient 
to sustain the load. And it follows, that the portion of the working stroke 
which has been performed after the steam has expanded so much as to be 
unequal to supporting the burden, must have been accomplished by the mo- 
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mentura acquired in the early part of the stroke. When the pencil rests at A, 
the force of the steam balances the load of the engine ; for the piston is never 
permitted to rise so far as to touch the cylinder-cover. If, therefore, from A 
a line be drawn parallel to FG, until it cuts the parabolic curve DE, the point 
of intersection 2, will be at that part of the stroke where the (simple) elasticity 
of the steam and the load of the engine are exactly in equilibrio ; and the por- 
tion sE, (described after the steam has so far expanded as to be insufficient to 
support the burden,) will denote the amount of benefit obtained by working 
expansively. 

The only case in which I have been able to submit the results thus obtained 
with the indicator to a direct comparison with the quantity of water evaporated 
in the boilers was at Huel Towan, where 847'5 cubic feet of water were con- 
verted into steam. This would give 342,858 feet of steam of a pressure of 64'1 
lbs. on the square inch, (or 49'1 lbs. on the inch above the atmosphere,) the 
mean pressure in the boiler during the experiment, or 2,153,647 cubic feet of the 
pressure of 1 0*2 lbs. on the inch *. The capacity of the cylinder-nozles and 
other parts of the engine which required to be filled with steam from the boiler 
at every stroke, was 355"57 cubic feet f, and the number of strokes made 
during the observations 7881. Therefore if it were indispensable for the steam 
on the piston, at the termination of the working stroke, to be of elasticity suffi- 
cient to sustain the load of the engine, 2,802,247 cubic feet (of a pressure of 10*2 
lbs. on the inch) would have been requisite; whereas but 2,153,647 cubic feet 
only could be obtained from the quantity of water evaporated. Consequently 
but the 0"768th of the contents of the cylinder, &c., could, on an average, have 
been filled with steam of that force; and the remaining 0'232 of the stroke 
must therefore have been performed by virtue of the momentum acquired by 
the machine in the early part of the working stroke. 

This 0'232 part of the whole ts therefore the benefit obtained by working 
the steam expansively ; although the result obtained by the indicator exhibits 
a still greater (about 0'388) advantage. The cause of this difference it is not 
very easy to assign satisfactorily. It is just possible that it may be from the 
fluctuating pressure of the steam (from 77*25 to 47'22 lbs. on the inch) during 
the experiment, giving a result differing on a mean more than 61-8 lbs. on the 
inch, (the force when Fig. 4, PI. IV., was obtained,) does from the average elas- 

* I0'3 lbs. was the load of the engine per square inch of the area of the piston, 
f Brewster's Edinburgh Journal of Science, 0. S. 1\. p. 160. 
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ticity during the observation {64'1 lbs.). But perhaps it may more probably 
be, from the steam, oven when expanded to a less force than 1 0'2 lbs. on the 
inch, still exercising a beneficial influence in assistance of the momentum by 
which the latter part of the working stroke is performed. 

In a first attempt at such a comparison, which I believe is here made, it 
may perhaps excite no great surprise that there is not a more exact coincidence 
between the results obtained by these very different modes of enquiry. 



II. T/k; dtity pe)-formcd with a gieeii (piantity (tffuel. — The experiments with 
an object to determining the duty performed with a known quantity of fiiel, 
were made on Wilson's engine at Huel Towan; on Swan's engine at Binner 
Downs Mine; and on Hudson's engine at East Crinnis Mine*. These were 
among the best engines in Cornwall, and they were selected on account of the 
very varied circumstances under which they worked. 

At Huel Towan the cylinder with its cover and bottom were surrounded 
with a case or jacket, filled with dense steam from the boiler ; and these, with 
the steam-pipes, nozles, &c., were covered with saw-dust from 16 to 20 inches 
deep. The boilers bad a layer of ashes, of about the same thickness, placed on 
them. 

There was no steam-case at Binner Downs, but there were small fires on 
each side of the cylinder, and the flues from them were carried spirally round 
it ; another little fire was placed beneath the steam-nozle, from the boiler, 
and its flue was passed over the cylinder-cover ; under the steam-pipe from the 
boiler was a similar fire, and its smoke was conveyed round the pipe for some 
distance. Such parts of the engine as were not enveloped by the flues were 
surrounded with saw-dust \, and the boilers were covered with ashes as at 
Huel Towan. 

The engine at East Crinnis had neither steam nor heated air passed round it; 
but every part which contained dense steeim was surrounded with a very thick 
covering of saw-dust, and the boilers were protected in a similar manner to 
those of the other engines. 

On all these the indicator was placed ; and also on Bum's engine at Binner 

* The engineers were respectively, Mr. Grose, Messrs. Gregor and Thomas, and Mr. Sims. 

f In the progress of my experiment, the saw-dust on the cylinder-cover ignited several 
times. The infiuencc exercised on the steam within tlie cylinders, by the media with which they 
were surrounded, may be discovered by an inspection of the diagrams. (Figs. 4., &c., PI. IV.) 
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Downs, which is inclosed in a similar manner to Swan's engine on the same 
mine, already mentioned ; and on Trelawny's and Borlase's engines at Huel 
Vor» both which have steam-cases and other coverings like that described at 
Huel Towan. On the duty of these no experiments were made. 



TABLE L— (Constants.) 
Dimensions of the Engines^ and amount of their loads. 



MiWBs AND EiroiKBa. 



Huel Towan, WiUon's 

Binner Downs. Swan's 

— — — Bum*s . . . . 

East Crinnis, Hudson's .... 

Huel Vor, Trelawny*s 

— Borlaae*s 



Diame- 
ter of 
Cylin- 
der. 



Inches. 
80 

70 

64 

76 

80 
60 



Stroke in 



CTlin- 
oer. 



Feet. 
10 

10 

933 

10*26 

10 

10 



Pump. 



Feet. 
8 

7-6 

7-76 
7-16 J 

7-6 ) 



8 



i 



Air-pump. 



Diameter. 



Inchee. 
36 

S3 

25 

two, each 

26 
two, each 

24 
two, each 

24 



Stroke. 



i 



Feet. 
4 

4 

4-66 
4-5 



1 3-6 



Diameter of valves. 



Steam. 



Inches. 
8 

9 

7 
10 

9 

10 



Ei^uili- 
bnum. 



Inches. 
12 

12 

12 

14 

14 

14 



Ex- 
hausting 



Inches. 
16 

16 

13 

16 

16 

16 



* The stroke in this pump is but 5*5 feet, 
f From Captain Lean's " Monthly Reports. 



Total load 

of the 

Engine. 




Load per 
square 
inch of 
area of 
piston. 


lbs. 
68666-4 




lbs. 
10-2 


S 724-3» 

\ 61967-7 
41345 


\ 


10-23 

10-7 


74086-1 




11-4 


98770 




U-7t 


76010 




12-lt 



If 
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NOTE TO TABLE II. 

The following are the dimensions of the heating surfaces of the boilers of the three 

which were the principal subjects of my experiments. 1 add those of Loam's engint 

United Mines, (with which I have been favoured by William Francis, Esq., the scien 

rector of that extensive mining establishment] as the only machine, the evaporation i 



ific di- 
which 



has been published. 
IV. (1836) p. 34. 



See Mr. Lean's Report in the Cornwall Polyleckaic Socielt/'i Transactiom, 



Mikes and Exoixes. 


Area of the Fir«-gr»te». 


Saifaoeeipoied to action 
oftheOuDe. 


laposed. 


HuelTowan, Wilson's engine. 


Feet 
72 


Fmt. 
H4 


F«,.. 

2tH)0 


Dinner Downs. Swan's 


48 


76 


1440 


East Crinnis, Hudson's 


37-5 


57 


2500 




40-3 


98 


•2310 





Loam's engine, at the United Mines, has the steam cylinder of 85 inches in diameter, the 
stroke in it is 10 feet, and in the pump 7'5 feet; the load is about 12 lbs. per square inch of the 
area of the piston, and the velocity about 4-8 strokes per minute : the elasticity of the steam em- 
ployed I am unable to state. From the 2nd of March to the 5th of August, I83fl, the duly was 
about (t5 millions of pounds lifted one fool, by 100 lbs, of coal, and the evaporation by the same 
quantity of fuel for the same period was 15-4 cubic feet. This is a sufHcient approximation to the 
result which I had five years previously obtained at Huel Towan. 

The stroke in the cylinder of Loam's engine is estimated at 10 feet ; an apparatus is fixed on 
it for registering the actual space passed over, and the mean for 6ve months was 9-&13 feet. 



TABLE III.— (Constants.) 
Dwicmions <^ the Pumps, 





Eogi'ne. 


'^' E<^m. ■"" 


E«tC 


'Ci? 


udua-. 


;7» 


tS 


IS 




ni«nE- 

S: 


:S 




IMdf 


TSSS 

pimp J. 


Fir.t lift, or Kt of ptuop^ from 




13 

15-B7a 
16-136 
16-125 

12-fi 


71-125° 

71-76 
71-B76 

72-25 

74 


91-26' 
242-66 


10- 
1 8-876 

17-135 


a9-34'' t 
72-5 

74 


39'16 
159-36 
26B66 
198583 

73-26 


13 
18 

14 


63° 
03 
63 
G2-6 

63 


Second 


263-76 
197-75 
113 66 

08-16 




Fourth 

The deepen, vhich reachM to 
tl« bottom of the .h.f( 



* The stroke in this pump is but S-5 feet. 

+ This lift took its supply from the hot-well. 

J No correction has been applied for temperature, r 



' for imnurities c 
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The whole loads of the three engines of which it was intended to ascertain the 
duty were raised perpendicularly, except the deepest lift of Wilson's en^ne at 
Huel Towan ; and this was inclined to the horizon about 70' ; and was con- 
nected to the engine-rod by a chain passing over two small wheels respectively 
of 9 and 16 inches in diameter. 

The lowest lifts at Huel Towan and East Crinnia were lifting pumps, and 
their loads were raised by the working strokes of their respective engines. All 
the other pumps were forcing pumps (plungers), and their columns were lifted 
during the return strokes of the engines, by the weight of the rods •. 

At Huel Towan, from the surface to a depth of about 534 feet, the connect- 
ing rods were 14 inches square; and from that place downward they extended- 
about 300 feet, and were 12 inches square. They were kept in their places 
by thirteen sets of guides, which exposed a surface of about 53'5 square feet f . 

From the surface to 396 feet deep in Binner Downs, the rods were 14 
inches square; and from thence downward, there were about 258 feet of 
12 inch rods; these were also retained by thirteen sets of stays, having an area 
of about 35'6 feet. 

The rods, from the surface to 470 feet deep in East Crinnis, were 15 inches 
square, and thence about 200 feet deeper they were 12 inches: eleven sets of 
stays retained them in their places, and esposed a surface of about 38'8 feet. 

Where the rods touch the stays they are protected by thin planks of some 
hardwood, which are always well covered with grease; they seldom fit very 
accurately. 



water. At Huel Towan 1 foimd, by evaporation, that about 360 grains were contained in a cubic 
Ibol. The leoiperature is bigher as we descend ; which adds to the already abundant evidence 
of the great heat prevailing in the interior of the earth. 

* Tlie rods are usually very much heavier than the column of water, end a counterpoise is 
applied to balance some part of their weight: such was the cose in all the engines bere men- 
tioned. 

■f The lengths of the lifts and of the rods do not coincide, because the former overlap each 
other in every ease, in order that the higher pumps may draw out of the same cisterns into which 
the lower empty; and because the rods which take the dilTerent li/it are also doubled a( the 
leti-of. 
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Table IV, — 'Duration, of (he erperiiuenk, number of strokes mnde, materials con-'^umed, ^c. 
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5003 
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17 


1-8 
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847-5 


16^S 
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5581 
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11268 
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i From 30 Nov. 9 28 A.M. ) 
( Tn 1 Det. 7 55 A.M. i 


34 


3005 
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!pl„l 


13 


6 


<717 


3-6 


1-7 


417 


11-3 







The engines were taken without any previous preparation, and they were 
worked without intermission, at a speed just sufficient to keep the mines clear 
from water; but without permitting the pumps to draw air (^o injork). The 
workmen exercised their own discretion in the mode of working; for I pur- 
posely abstained from any other interference -with them than was sufficient to 
satisfy myself that every thing was exposed to my notice, and fairly and ho- 
nestly performed. 

The results will appear in 

Table V. 



M.N.i.KDEyOlK... 


W«ghlofthebiuliel(ir 
CmI. 


Duly (ia Ibi. lifud one foot high) perforroed t» eu:h buih.l 


Ailakcn 
from Ihe 
heap. 


When dry. 


Buibel ei«uui«d. 


m4 Ha. 11 Ulen from 
ths hnp. 


8i lbs. ity. 


Huel Towan, Wilson's ... 

Dinner Downs, Swan's 

East Crinnis, Hudson's ... 


Ibi. 

100 
92-6 
88-3 


os-e 

83-4 
841 


Rfi,6a5,079 
73,»77,8lO 
73,954.606 


72,087,8.'J3 
66.968,572 
70,003,556 


77,533,710 
74,305,9Sa 
73,502,609 



* These numberB arc on the Bssumptioa that each pump delivers the full computed quan~ 
lity : but in an experiment at Huel Towan, made by Sir John Rennie and myself, the actual 

compared with the calculated delivery was as 0.924. to unity. I have repealed the comparison 
at the same place, with a similar result. 
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111. — The wm-k accomplished for a certain CFpense. — The foregoing details 
supply fill that is requisite for tliis enquiry, except the prices of the materials 
consumed; these were coal, at the rate of forty-one shillings for 72 measured 
bushels*; grease, forty-five shillings and sixpence per 112 lbs.; and oil, four 
shillings and two pence per gallon ; at which rates the results were by 

Huel Towan, Wilson's eng^e, 1085 tons; 

Binner Downs, Swan's engine, 1006 tons; 

EastCrinnis, Hudson's engine, 870 tons; 
lifted one foot high for the expense of one farthing. 

As supplementary to the general object of the first part of this enquiry, it 
may be useful to compare the maxin^a of pressiues which obtain in the cylinders, 
with known elasticities in the boilers ; the loads of the engines remaining un- 
changed. 

Table VI. — Load of engines, and relative pressures of steam in the boilers and 
cylinders. 



MiKU AND RhQINU. 


Lwu) oa >he Piston, 
id ILi. 1*1 Bquare 


Preuureoftleum 


in Ibi. per (qnare inch. 


Plsle IV. l-ig,. 4 


In Ihe Boilet, 


IniheCylindMf. 


Huel Towan Wilson's . 


10-3 

10-23 

10-7 

11-4 

147 
121 


01-8 
( 74-78 
i&8 

55 
C 36-8 
1 20-S 

47 

40 


27 

26 

25 

90-5 

25 

21 

30-5 

30-5 


Fig. 4. 
Fig. 5. 
Fig. e. 
Fig. 7. 
Fig. «. 
Fig. 9. 
F.g. 10. 
Fig. n. 






EagtCrinnis, Hudson's 







Many subjects which are yet undetermined have pressed on my attention 
during these experiments ; among which the sfea?n~case and air-pump are not 
the least important. 

If any condensation take place in the case, when protected from the in- 
fluence of the external air, it must be by radiation to the rarer steam within 

* The bushel measure with a heaped head is the same which was used in Mr. Watt's timr, 
varying only as prescribed by law. 

■f All the pressures mentioned throughout this paper, sre absolute, and as if acting against 
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the cylinder. Now such influence, if exerted during at least two-thirds of 
every stroke *, would not only not increase the force of the engine by adding to 
the elasticity of the steam, but would render requisite the injection of a larger 
quantity of cold water into the condenser to effect condensation, and thereby 
add to the burden of the air-pump f- 

There must be a point at which the resistance of vapour not abstracted, to 
the descent of the piston, and the pressure of the atmosphere on the air-pump 
whilst discharging its load, are at a minimum. Beyond this if it be attempted 
to reduce the force of the vapour, by injecting more cold water, the burden of 
the air-pump is increased by the exposure of its piston to the atmosphere for a 
longer time during its discharge ; whilst on the other hand, if it be sought tu 
lessen the duration of atmospheric pressure on the air-pump, by diminishing the 
quantity of cold water introduced into the condenser, the increased elasticity of 
the unabstracted vapour oft'ers a greater resistance to the descent of the piston t- 

This subject presents many inviting topics of enquiry ; but the pursuit of 
them, and the earlier preparation of the details || which I have now the honour 
to submit to the Institution, have been prevented by more pressing occupations. 



4, Clarence Street, Penzance. 
August 30th, 1837. 



W. J. HENWOOD. 



• See Table IV. 

f Brewster's Edinburgh Journal of Science, O. S. IX., p. 1(52. 

J Ibid., X. p. 40. 



short t 
Science, N. S., VI. ] 



' ihese estierimenis appeared in Brewster's Edinburgh Journal of 



VI. — On the effectm power of the High Pressure ej^ansivc condensing Engines 
iauseai some of the ComishMims. By Thomas J-VjcKSTEKUy M.lmt.CE. 
Commtmicaied in a letter to the Present. 

I A3I induced to address you again • upon the subject of the en^es used in the 
mines in Cornwall, from the very kind manner in which you received my last 
paper. 

I have been lately into Cornwall, having been instructed by the Directors of 
the East London Water Works Company to proceed there for the purpose of 
examining an engine that was to be disposed of by the East Cornwall Silver 
Mining Company, with a view of purchasing it for the Company's Works at 
Old Ford. The result was, that the engine, whose cylinder was 80 inches 
in diameter, was purchased, and is now l)eing removed to London, and I expect 
that by this time next year, it will be at work here. 

While in Cornwall, I was very desirous of making such a trial of one of 
the engines as might be satisfactory to the London engineers, and trust that I 
have succeeded in my object. 

I received permission to make a trial of the engine upon the Holmbush 
Mines near Callington, and beg to give you the following detailed account 
thereof. 

The diameter of the cylinder was fifty inches ; the sizes of the pumps or 
" boxes " as they are termed in Cemwall, and the height of the lifts are as 
follows : viz.. 

Full. ft. In. 

TyeLifl 48 % & Dismeter of Pump ... 11 inchei. 

Rom Lift 87 5 6 Ditto 11 „ 

Bottom Lifl 8 5 6 Ditto 10 „ 

The chief points to which my attention was directed, were tlie quantit of 
coals consumed, and the actual quantity of water lifted. 

I saw 9-1 lbs. (a Cornish bushel) of coals weighed, and had the stoke hole 
cleared, and the coal bins and stoke hole doors sealed ; and in addition to 
these precautions, besides my own observation, I had one of my young men 

" For previous communication, see Vol. I. of the Transactions, 
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stationed in the boiler-house during the time of trial, so that I am quite satis- 
fied that no more than 94 lbs. of coals were used. 

Before the trial I ascertained exactly the length of the pump stroke, which 
was eight feet one inch, and caused the engine to work slowly tliat I might 
have sufficient time to measure the quantity of water delivered per stroke. 
The water was delivered into a wooden cistern, with a valve to let the water 
out when I had measured it. Finding that six separate measurements produced 
as nearly as possible the same result, the greatest variation being 2 per cent., I 
then weighed the quantity of water delivered by each stroke, and found it to 
be equal to 285-,*u lbs. I liad a rod made the exact length of the stroke, namely, 
8 feet 1 inch, and during (he trial measured the stroke frequently ; it varied 
from 8 feet 1 inch to 8 feet 2 inches. I have in my calculations taken the 
shortest length. 

The diameters of the pumps, and the exact heights of the lifts, were taken 
very carefully. 

TRIAL. 

The fire under the boiler was worked down as low as could be withou 
stopping the engine. The pressure of steam was 40 lbs. per square inch in the 
boiler, I took the counter and the time, and then started the engine. At the 
end of 9^ hours the fire was lowering, and the speed of the engine reducing, 
and it was necessary to have more fuel. The 94 lbs. of coal having been 
consumed, the engine was then stopped, and the counter again taken. It had 
made 672 strokes, or very nearly 5 strokes per minute. The weight of water 
raised was <28iJ-6 lbs. x 672 strokes =) 191,823'2 lbs.; the height to which 
it was raised (was 42 fath. 2 ft. 6 in. + 37 fath. 5 ft. 6 in. + 8 fath. 5 ft. 
6 in. =) 535 ft. 6 in. the weight miUtiplied by the height in feet is equal to 
102,721,323 lbs. of water lifted one foot high with 94 lbs. of coals. 

This result, however, although it shows how much water was actually 
raised to the surface, does not show the duty of the engme, for although, in 
consequence of leaks and defective valves the quantity raised is not so great 
as it would be were it possible to have every part perfect, nevertheless, the 
engine has to raise the quantity due to the areas of the pumps, multiplied by 
the length of the stroke, under the pressures due to the columns of water equal 
in height to the lifts, notwithstanding that in consequence of the defects 
mentioned, the whole quantity may not reach the surface ; the fair mode, 
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therefore, of calculating the duty of the engine, during the trial, would be as 
follows : — 

Weight of Column of Water 1 1 inches diameter, and +2 fatli. 2 ft. G in., or lbs. 

S54-5 feet in height 10,498 

Ditto Ditto 1 1 inches diameter, and 37 fath. £ ft. 6 in., or 

227-5 feet ill height 9,384 

Ditto Ditto 10 inches diameter, and 8 fath. 5 ft. 6 in., or 

53-5 feet in height 1,824 






u]>on engtn 



21,706 



81,706 X 672 strokes 
with 94 lbs. of coals. 



roke 8^ feet = 117.906,992 Iba. weight lifted one foot high 



From the foregoing it will be seen that 191,823 lbs. of water, were raised 
535 feet G inches high with the expenditure of 94 lbs. of coals, and that the 
duty of the engine was equal to nearly 118 millions of pounds raised one foot 
high. I should observe, that the engine had not been overhauled, or any thing 
done to it to prepare for the trial, which was not determined upon (as 
regarded the engine upon which the trial was to be made,) until the previous 
day. The boiler and flues had not been cleaned for eleven months. — My 
object was to prove what could be done by an engine worked upon the 
expansive principle, and I therefore considered that a trial for two hours 
would prove the capability of the engine, although, most probably, the average 
duty of the engine for twelve months would not be so great as it was for 
the short time that it was under trial. I am perfectly satisfied the trial was 
a fair one. 

I was not able to ascertain what the pressure of steam was when it first 
entered the cylinder, having no indicator with me ; but the Engineer, Mr. West, 
stated that the steam was wire drawn and reduced from 40 lbs. above the 
atmosphere, which was the pressure in the boiler, to 30 lbs. above the 
atmosphere upon entering the cylinder. 

The steam was cut off at one-sixth the stroke. The steam in the jacket 
round the cylinder communicates directly with the boiler, and radiation is 
completely prevented, by the casing round the jacket ; consequently a high 
temperature is preserved, which is absolutely necessary to obtain the full effect 
from the expansive force of the steam. 

The following will show what effect could have been produced by the 
steam power, provided the engine and pump gear had worked toithout friction. 
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Pressure of steam when first admitted into the cylinder (SO lbs. + 1 4"75 Iba. 
-1-5 lbs. deducted for imperfect vacuum) = 43'25 lbs. 

lbs. 

For J of the stroke, the pressure was 432fl0 per square inch. 

When the Piston liad made g of its stroke the pressure was 

reduced to 81-625 

Ditto i 14-416 

Ditto J 10-812 

Ditto I 8-650 

Ditto ^ 7208 



6)105-901 
Mean pressure of Steam 17-C6 lbs. 

The area of cylinder was..... 1963-5 square inches. 

Mean pressure of steam per square inch 17-C6 lbs. ■ 

Ntunber of strokes 67S 

Length of stroke in cylinder (being one foot longer 

than in shaft) 9 ft. I in. 

Power of steam 1963"5 sq. in. x 17*66 lbs. per sq. in. x 672 strokes 
x9t'j, length of stroke, = 211,658,702 lbs. raised 1 foot high with 94 lbs. 
of coals; now as the effect produced was 117,906,992, the friction of the 
machinery was equal to 93,751,710 lbs. raised 1 foot high, or about 7| lbs. 
pressure per square inch. As the friction of a water-works pumping engine is 
about 5| lbs. per square inch, it may be safely inferred, that an en^ne when 
working upon the expansive principle at a water-works will do more work 
than it does in the mines; to those who have seen the heavy pump rods, 
balance bobs, &e., attached to a mining engine, it will appear very evident. 

In the observations I have had opportimities of making, I am very well 
satisfied that the engine I am about to erect at the East London Water Works 
will do a duty equal to at least 120 millions. 



As it had been observed that the expansive principle would not answer for 
rotary or double engines, I was mduced to make some observations upon a 
double engine working the stamps for breaking the copper ores at the Tincroft 
Mines, and I beg leave to give j^ou the details. 
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The diameter of cylinder 36 inches. 

Length of stroke 9 feet. 

Lengtii of crank 3 feet 6 inches. 

Steam was cut off in down-stroke at . |ths. 

Ditto up-stioke at .... ^rd. 

Number of strokes per minute 10 

The engine worked with a very equal velocity, in fact there appeared no 
irregularity whatever in the motion ; Captain Paul, the agent of the mine, 
allowed me to examine the coal accounts, from which it appeared, that the 
average consumption of coals for the engine was 30 bushels for 24 hours. 

The engine was working, — 1st, a set of stamps; 2nd, a pump; 3rd, a 
crushing machine; and 4th, a trimking machine. The last two pieces of 
machinery had lately been added, and previous to this increase of machinery, it 
appeared from the books, that the consumption of coals was equal to 27 
bushels, of 93 lbs. each, in 24 hours. 

The stamping machinery worked 48 lifters ; to ascertain the weight of them, 
I examined an account showing the weight of 26 of the cast iron heads when 
new, and found the average weight to be 3 cwt. 12 lbs. each, these are used 
until the weight by wear is reduced to 1 cwt. 2 qrs., the average weight will 
therefore be {3 cwt. 12 lbs. + 1 cwt. 2 qrs.-T-2 = ) 2 cwt. 1 qr. 6 lbs. The weight 
of the wood work of the lifter, the iron straps, washers. Sac, I found by trial to 
be 1 cwt. 3 qrs. 24 lbs., making the total average weight of the lifter and head 
(2 cwt. 1 qr. 6 lbs. + 1 cwt. 3 qrs. 24 lbs. = ) 4 cwt. 1 qr. 2 lbs. or 478 lbs. The 
average height the stamps were lifted was 10 inches, and the 48 stamps were 
lifted 5 times per stroke. 

The following calculations will show the duty performed by the stamping 
engine. 

48 hfters x 478 lbs. x 0-833 feet, height lifted, x 5 times per stroke x 10 
strokes per minute, x 60 minutes per hour, x 24 hours per diem, 1,376,089,344 
lbs. lifted one foot high in 24 hours. 

The diameter of the pump was H inches, or 1-069 sq. ft. area. 

Length of stroke 6 feet. 

Strokes per minute 10 

Lift 26 feet. 

Duty performed 1-069 sq. ft. x 6 ft. x 62}lbs. per cubic ft., x 26 ft. lift x 10 
strokes per minute, x 60 mmutesx 24 hours = 150,087,600 lbs. rtused one foot 
high in the 24 hours. 
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DUTY OF ENGINE. 
l,376,089,344 + 150,0S7.600-=-27bushe]s = 56,525,072 lbs. lifted one foot 
high, with a bushel or 93 lbs. of coals. 



The single engine at the Holrabush mine was, during the time of my expe- 
riment, doing the work of 96-48 horses; thus the experiment lasted 2^ hours, 
or 135 minutes x 33,000 lbs., lifted 1 foot = 4,455,000 lbs., which would be 
lifted 1 foot high by the exertion of 1 horse's power in 2^ hours. 117,906,993 
lbs., -— 4,455,000 = 26*48 horses' power. The coals consumed were equal to 
94 lbs. or (94 lbs. -=- 26-48 horses' power -~ 2'25 hours) = 1'57 lbs. of coals per 
horse's power per hour. The coals used by one of the pumping engines at Old 
Ford in an experiment lasting 1 hour, tried upon the 18th of February 1835, 
were equal to 4-82 lbs. per hour per horse's power, or three times the con- 
sumption of the Cornish engine, notwithstanding the extra friction in a mining 
engine. 

The double engine at the Tincroft mines was doing the work of 32'11 
horses ; thus 33,000 x 60 minutes x 24 hours = 47,520,000 lbs. lifted 1 foot 
high by the exertion of one horse's power during 34 hours. The engine lifted 
1,526,176,944 lbs. 1 foot high in the 94 hours; 1,526,176,944-^ 47,520,000 = 
32*11 horses' power. The coals consiuned were 27 bushels of 93 lbs. each, or 
2511 lbs. -r 24 = 104-62 lbs. per hour -i- 32*11 horses' power = 3'25 lbs. of 
coals per hour per horse's power. 

Mr. Farey, in his valuable treatise on the steam engine, states at page 488, 
that a rotary or double engine of Bolton and Watt's construction, will require 
10^ lbs. of coals per hour per horse's power, or three times the consimiption of 
the Tincroft double engine. 



The following tables may prove interesting ; the first is a chronological 
table exhibiting the gradual improvement of the steam engine m the course of 
66 years ; (the first dates and quantities have been given to me by Mr. John 
Taylw ;) the second exhibits the average duty performed by the engines in 
Cornwall in 1835 and 1836, including old and new engines and all sizes. 
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Table No. I. 



Date. 


lbs. raised one foot bigb, with the con- 
sumption of one bushel or 91 lbs. of coals. 


lbs. of coal per hour per 
horse's power. 


1769 


5,590,000 


33-33 


1772 


9,450,000 


19-70 


1786) 






to [ 


20,000,000 


9-30 


1813 


28,000,000 


6-64 


1814 


34,000,000 


5-47 


1815 


-■ 50,000,000 


3-72 


1826 


54,000,000 


3-44 


1827 


62,000,000 


3 


1828 


80,000,000 


2-32 


1834 


90,000,000 


206 


1836 
Trial of ^ 


97,000,000 


1-91 


&U [l«38 


125,000,000 


1-48 


Engine in j 







Mr. John Taylor, an authority that cannot be disputed, stated, in a lecture 
delivered by him to the members of the Society of Arts, that in 1829 he pro- 
cured authentic accounts, from the Consolidated Mines, of coals purchased and 
used in 1799 and also in 1828 ; from Wheal Alfred mines of the coals pur- 
chased and used in 1816 and in 1825 ; from Wheal Towan mines of the coals 
purchased in 1814 and 1826 ; from Dolcoath mines of the coals purchased and 
used in 1807 and 1817 ; and the result of his calculations, when comparing the 
depth of the mines at the different periods, the water raised, and the coals con-^ 
sumed» shewed a saving upon the books of the mines proportionate to the im- 
provements stated to have been made during these periods in the working of 
the engines. 
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^^^1 Table ^^^| 


^^^^H Average Duty of Cornish Engines, according to Captain Lean's Repm-ts, ^^^^H 




1835 and 1836. 








Diun. of 
Cyliodet, 
loche). 


AvEtage iluly, or 


Averse load 


Average No. 


Hlghnl dutv, or 


Loweit duly, or 


Time of 






No. of 


Ibt. laiKd 1 foot 


on Pistou. in 


Ibi. railed 1 fool 


lbs. railed 1 fool 








Engine,. 


high Willi Si IbB. 


lb.. i«r square 




hi^h vilh 91 lb>. 


high wilh Bl lb>. 










of coa1<. 


inch. 




nfco^.. 


ofcoals. 


month.. 






90 


47,829,830 


8-971 


6-707 


61,884,427 


35,776,624 


22 






&S 


71,l40,e»6 


11-643 


6781 


77,311,413 


63.172,606 


17 








80 


66.044,570 


10-989 


5-361 


97,595.571 


37,059.120 


18 








76 


47,686,167 


12'594 


6-071 


65.315,407 


40,457,403 


22 








70 


52,009,687 


9-672 


6-416 


81,026.642 


22,313,023 


20 








66 


49,734,514 


7-906 


6-379 


77,446,214 


24,277,768 


20 








C5 


54,921,572 


14-57 


3098 


63,411,060 


43.126,101 


22 








64 


60,107,225 


10-74 


5-83 


39,623,677 


19,344,343 


17 








60 


40,650,040 


10819 


6-73 


76,073,995 


29,233.370 


18 








68 


01,317,208 


12-29 


■946 


07,115.413 


55,366,495 


12 








66 


38,059,440 


12-826 


3-452 


46,509.910 


30,666,541 


8 








A3 


44,408,405 


16- 


2-805 


58,024,263 


40,294,578 


6 








50 


43,645,480 


9-B98 


6075 


60,723,738 


31,687,345 


18 








45 


48,137,083 


18-35 


6-137 


56,504.649 


41,268,911 


11 








42 


40,712,991 


10 199 


8-667 


46,132,677 


36.499,814 


23 








41 


49,062,474 


l«-228 


6-884 


57,288,816 


42,081,037 


22 








40 


45,591,848 


n-196 


&-3.J6 


04,400.208 


24,902,483 


12 








39 


31,286,192 


11-451 


313 


30,427.731 


23,395,105 


23 








30 


33,277,832 


12-781 


fl-367 


47.884,690 


17,619,629 


13 








33 


30,246,304 


15-927 


6-4 


36,203,146 


22,938,142 


23 








30 


38,828,948 


13-838 


7039 


74.897.208 


19,344,343 


17 








20 


31,529,896 


17-66 


8'26 


34,943,691 


27,097,031 


14 








251 


28,240,292 


17-6 


11 ■666 


32,431,160 


20,773,014 


23 






3 


24 


36,377,387 


13-682 




47,101,689 


20,562,859 


21 






I cannot conclude this paper without acknowledging the great attention 




^^^H received from the intelligent engineers and captains of the mines in Cornwall, 


^^^^1 whom I found, as in my former \"isit, most anxious to give every facility to 


^^^H those parties who visit the county for the purpose of obtaining infonnation ; and 


^^^^H notwithstanding their own thorough conviction of the advantages of the system 


^^^^H they adopt, and of the truth of the statements made in the monthly reports, they 


^^^^H were in every instance most desirous of removing the doubts that others might 


^^^^H have, by permitting any trials to be made, and by most readily and openly 


^^^H givmg any information that might be required. 


^^^H Old Ford, August 7, 1637. THOMAS WICKSTEED. 
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VII. — Description of the Drops used by the Stan/tope and Tyne Railroad t'om- 
pany for the Shipment of Goals at South Shields. By Thomas E. 
Harrison, M.Inst.G.E. 



The mode of shipping coals shewn by the drawings, (Plates V. and VI.,) was 
made the subject of a patent by the late William Chapman, of Newcastle 
upon Tyne, in the year 1807, and it is one of those instances in which the 
patentee, either from prejudice or some other cause, received little remuneration 
for an invention which has been the means of saving thousands to the coal 
owners on both the rivers Tyne and Wear ; for although it was almost entirely 
neglected during the continuance of the patent, it shortly afterwards came 
rapidly into extensive general use. 

Previous to the introduction of the plan now generally adopted, coals were 
chiefly transferred by waggons from the various collieries to the river, where 
they were put into keels or barges, the bottom of the waggon being let out, and 
the coals running down a spout or guide to the keel ; in these keels they were 
conveyed down the river to the vessels, and cast by the keelmen into the hold 
of the vessel. 

From these various operations and transhipments the coals received much 
damage by breakage, and the attendant expense was also considerable. The 
same system is, however, in use in some collieries at the present day ; but from 
the various railways now in progress, which will bring all the coal to parts 
of the rivers at which they can be shipped at once into the vessels, there is 
little doubt but that in a few years a keel will hardly be known upon either 
the river Tyne or Wear. 

During the year 1837, the quantity of coals shipped from the north of 
England was as follows : from Newcastle 2,868,651 tons, Sunderland 1,174,598 
tons, and from the port of Stockton 1,192,353 tons, making in the whole 
5,235,602 tons; of which it may be calculated that at least three-fourths are 
shipped by means of drops varying considerably in arrangement of the ma- 
chinery, but all upon the principle of the original patent. 

The advantages of the plan are, that it avoids considerable breakage to the 
"s, as the waggon is lowered down to the level of the deck of the vessel. 
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and the coal has much less height to fall ; that by arranging the length of the 
vibrating or fallijig frame accordmg to the situation, a vessel may lie in deep 
water at a distance from the quay and receive her cargo ; and that the whole 
machine being self-acting, the expense of shipment is very trifling. 

GBKisi -Mcnption. The mode of operation will be readily understood on referring 
to the figures 1, 2, and 3, Plate V., which represent the general elevation, and 
a front and back view, and to Fig. 4, Plate VI., wliich shews a general plan of 
the whole. The waggon weighing from S8 to 30 cwt., and containing 53 cwt. 
of coats, is run on to the cradle a, which is suspended from the top of the vi- 
brating frame i, (Figs. 1, 2, 3, Plate V.,) which moves on carriages I (Figs. 1 and 3) 
at its foot, and is retained in its position by means of ropes attached to the 
upper end. The waggon is secured in its place upon the cradle by means of 
two wooden chocks kk, (Fig. 4, Plate VI..) and the cradle itself is fastened 
when in its highest position to the main gangway by a latch and pin m, (Fig. 4. 
Plate VI.) The ropes from the head of the vibrating frame are fastened to 
and wind upon the sheaves y and g, which are fixed upon the shaft e; (Figs. 2 
and 4 ;) upon this shaft is also fixed the sheave h, to which is attached the 
rope holding the counterbalance weight c, and there is also upon the same shaft 
the brake wheel d, (Figs. 1 and 2, Plate V., and Fig. 4, Plate VI.,) which being 
of 16 feet diameter, and having a brake acting upon its whole circumference 
and worked by a jjowerful lever, gives the brakesman entire command over the 
whole operation. 

cmntirb.uiioo. The couuterbalance c is formed of a chain of cast iron links, 

which lie in the bottom of the well when the frame is in its highest position, as 
shewn in Fig. 1. Links of wrought iron have also been used, but the cast iron 
are found to answer best. The weight of the counterbalance is about 5 tons. 

coti. The cost of one of these drops, including all machinery, timber, 

and iron work, but exclusive of masonry and gangway, is about £500. Great 
steadiness is given to the machinery by two lieavy piers of masonry, the four 
main legs (upon which the whole of the superstructure rests) being half let into 
them, and firmly bolted together by strong bolts running through them. 

The great length of the vibrating frames enables vessels to receive their 
cargoes at these staiths, whilst lying in a deptii of water varying from 1 3 to 
1 6 feet (at the different drops) at low water of a spring tide. 

pcwnof .hti.ni«n, One of thesc drops is capable of shipping one Newcastle chal- 
dron of coals of 53 cwt. every minute, but this is never required in practice, as 
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the coals cannot be trimmed in the ships so fast, the usual work being from 
25 to 35 chaldrons per hour. 

Mod* of operation. The waggou being placed upon the cradle a, and the cradle 
being released from the gangway by taking out the pin in, (Fig. 4, Plate VI.,) 
the brakesman eases the brake from the brake wheel by raising the handle rf, 
(Fig. 1, Plate V.,) and the vibrating frame i, with the waggon suspended in the 
cradle, begins by its gravity to descend. As the waggon descends, the counter- 
balance ring weights c are gradually lifted from the bottom of the well, the 
rope sustaining them winding on to the sheave A, as the ropes sustaining the 
vibrating frame are unwound from the sheaves/* and ff. 

The waggon having arrived at the proper point, and the coals being dis- 
charged into the vessel, by a man who descends with the waggon for that pur- 
pose, the counterbalance weight has then the preponderance, and by its gravity 
brings the vibrating frame and light waggon back to its original position. 

The weight of the counterbalance is so nicely adjusted, that either the 
loaded waggon in its descent, or the light waggon ascending, will move at any 
angle at which they may have stopped. The brakesman has also ample power 
to stop the waggon at any point he may require, or even, in case of accident to 
the counterbalance weights, to hold the loaded waggon suspended. 

The general arrangement of the whole differs from that of any drops erected 
either upon the Tyne or Wear. 
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VIII. — On the Priimph and ConsfrucHoii nf RaUtcaijs of continuous bearing. 
By John Reyxolds, A.hut.C.IC. 



The conditroDS essential to a good railway may be defined as being, 

l8t. That it should be the closest practicable approximation to a perfect 
plane of perfect stability. 

2d. That it should be adapted to prevent or neutralize vibrations from the 
impacts of imperfect cylinders rolling on unperfect planes (perfection in the 
surfaces of wheels and rails being miattainable in practice). 

3d. That it should possess the greatest degree of durability, and the greatest 
facility of being repaired, which are compatible with the first two conditions. 

The objects and advantages of continuous bearings will be rendered more 
apparent by examining in what respects isolated bearings appear to be inade- 
quately adapted to fulfil the above conditions. 

As regards the first condition, it may be observed, that a railway with the 
latter kind of bearings consists of an alternation of rigid points of support and 
intermediate flexible spaces; the consequence of which is, that the carriages 
passing along it alternately descend below, and are projected above the mean 
or true line of progression *, This diversion of the momentum from the straight 
course which it has so strong a tendency to maintain, occurring as it does 500 
to 600 times in a minute, occasions a series of rapid concussions on the rails 
near to, or on the points of support, the severity of which is in proportion to the 
degree of the deviations from a straight course, the rapidity of their occurrence, 
and the solidity of the supports. In like manner the outward pressure of the 
wheels, occasioned by their being in a slight degree conical, deflects the rails 
sidewise between their fixed points, thereby producing a to and fro lateral 
motion in the carriages. 

The supports being independent of each other, renders it impracticable to 
maintain them at exactly the same height, differences in the stability of the sub- 

* Professor Barlow has shewn, in a Report to the Directors of the London and Birmingham 
Railway Company, that the deflection of rails between their points of support, occasions a con- 
siderable resisiancL- to the progress o{ carriages upon them at high velocities. 

VOL. II. L 
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soil, and in the degree in which it and the ballast are consolidated by the work- 
men, must occur, and slight variations in the rails must preclude equality of pres- 
sure and concussion on the blocks. When a block has sunk in ever so small 
a degree below those next adjoining it, one of these things must happen, either 
the rail will be held down in permanent flexure, or its efforts to regain its pre- 
vious position will loosen it from the chair — loosen the chair from the block, — or 
hold the block in suspension. 

When a rail is deflected between two chairs, they act as fulcra, by means of 
which the rail (or the weight causing its flexure) lifts or strains upwards the 
chairs next beyond them — thus each wheel in its progress successively strains 
up and presses down every chair it passes over, which must evidently, more or 
less rapidly, wear and loosen all parts of the structure. 

It is evident, that the above described evils have a tendency to produce 
and aggravate each other. To them the greater portion of the repairs of ways 
and carriages is attributable. 

In regard to the second condition, blocks of stones weighing ^ of a ton 
each, must act rather as anvils than as neutralizers of impacts. 

In regard to the third condition, the action of the rails, chairs, and 
blocks on each other, cause the chairs to get loose, their uail-holes becoming 
larger, and the nail-heads becoming less, by wear. The great height of the 
top of the rail above the base of the blocks, renders the latter easily tilted by 
the lateral action of the wheel flanges — the displacement of the blocks, from 
this cause and from irregular sinking, can only be repaired by digging out the 
ground all round them, in order to ram additional ballast under them. 

Tlie inadequacy of isolated bearers to fulfil the above stated conditions 
having been pointed out, it has now to be shewn in how far the continuous 
bearing principle, under the mode about to be described for reducing it to prac- 
tice, is adequate to the purpose. 

This mode consists in placing on and in a bed of " ballast " or gravel, 
trough-shaped bearers of cast iron connected end to end by overlap or inflex- 
ible joints. The beai'ers may either have the rail cast on and with them, (as 
shewn in Figs. 1 and 2 of Plate VII.) or have sills of wood inserted in them, 
(as ahevra in the subsequent figures,) on which sills, rails of wrought iron, are 
supported throughout their whole length ; the rails, sills, and bearers " breaking 
joint" with each other, so that the joinings of no two of them occur in the 
same place ; they are compressed and held together by bolts or clamps, so as to 
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fonn an uniform and entire structure of the whole line, the continuity of which, 
therefore, can only be broken by the three materials Ijeing fractured at the same 
place. (See Plate VII.) This continuity causes them to l>e unaffected by any 
slight variations in the firmness of the ground which supports them, just as 
a beam resting upon springs of various force, would be supported by them all 
collectively, though pressing upon each in proportion to its individual power of 
resistance, whereas if a sepan^te portion of the beam rested on each spring the 
several portions would assume different levels. 

In investigating the effects of this mode of construction, it is desirable that 
the following points should be borne in mind, viz. : 

1 St. That gravel or ballast is a material which will not slip away from pres- 
sure Ute quicksand, but will become more and more hard or dense in proportion 
to the pressure acting upon it, till it finally resists it, however severe it may be. 

2d. That ballast being non-elastic, or practically so, will retain any degree 
of density it may have acquired from pressure or concussion, after the force which 
has produced it is withdrawn, and be incapable of further condensation by any 
subsequent force which does not exceed that which had previously acted upon it. 

As regards the fulfilment of the fikst condition, (see Fig. 11,) if pressiu'e 
were applied to the rail forcing the bearer downwards, it would move and 
compress the ballast in the directions of the plain and dotted lines, or at 
right angles to the sides of the bearers. 

If pressure were applied by rollers or beaters in the directions of the arrows, 
the ballast would still be compressed in precisely the same manner, for the plain 
arrows and plain lines, and the dotted arrows and dotted lines indicate similar 
or parallel directions. 

If the bed of ballast were of exactly similar quality and thickness through- 
out, and its foundation equally solid, it is evident, that any amount of vertical 
pressure applied equally to all paits of the bearers w^ould make them sink 
equally, until they were supported in all parts by ballast of the density due to 
the pressure, so also, if sufficient pressure were equally applied to all parts of 
the ballast in the direction of the arrows, (additional material being supplied to 
keep the height of th^ ballast undiminished by its compression,) the bearers, 
without sinking, would be supported in all parts by ballast, of the density due 
to the pressur .^ so applied. 

Supposing (a ' usually will be the case) the ballast to be of variable thick- 
ness and quality, and the sub-soil of unequal solidity, then, since the sub-soil 

l2 
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possesses in common with the ballast the property of acquiring density propor- 
tionate to the pressure it is subjected to, it is plain that pressure in the direction 
of the arrows wili compress the ballast or subsoil, or both, until their density will 
resist that pressure, and (tlie depressed surface of the ballast being restored to its 
proper height by additional material) the bearers will be supported in every 
part by ballast of equal density, as in the previously mentioned case. 

It thus appears, that whatever may be the circumstances of the ballast and 
sub-soil, they will easily be made to aflbrd a similar and permanent support to 
all parts of the bearers, and it has next to be shewn, that the density or hard- 
ness of ballast which may be thus attained, is sufficient to resist the greatest pres- 
sure or concussion which can be imposed upon it by carriage wheels on the rails. 

If it be assumed that the weight of a wheel would be diffused longitudinally 
by the rail and bearer to an extent equal to only* double their united verti- 
cal depth, or (if Fig. 5 be taken as an example) to 1 inches on each side of 
the point of pressure, it would be sustained by a horizontal area of 220 square 
inches, or the intensity of the pressure on a square inch would be vi^ of the 
incumbent weight ; hence, if by meaiis of rollers or beaters, a pressure or per- 
cussion equal to :t of a ton on a square inch, were applied to the ballast in the 
direction of the arrows, it would thereby acquire a density, capable of resisting 
a pressure or concussion on the rail, equal to 50 tons ; whilst the weight on a 
wheel must be limited probably to less than 5 tons, to avoid laminating the 
surface of the rails. 

It can hardly be doubted that a pressure on the rails would be diffused 
longitudinally by them and the bearers to a much greater extent than has been 
assumed ; (probably to the extent of 3 feet on each side of the point of 
pressure ;) and it is certain, that a much greater force than ^ of a ton on a 
square uich would be easily applied by rollers or beaters. Coach wheels apply 
a pressure exceeding this intensity to the surface of the common roads. 

It should be observed, that by the divergency of the directions in which the 
bearers compress the ballast, (as shewn by the dotted lines. Fig. 1 1 .,) and by the 
lateral cohesion of the particles of ballast to each other in consequence of 
such compression, the weight on the rails is diffused over a base, the breadth of 
which increases with its depth below the surface of the ballast. 

The foregoing are the groimds on which the vertical stability of the railway 
is believed to be established ; its laierd stability may be deduced from, the 
fcjllowing considerations :— 



OP COSTISUOUS DEARI.V'G. 



n 



1st. By the rectangular shape of the bearers*, the vertical support they obtain 
from the ballast is rendered equally operative as a lateral support. 

2d. The height of the rail above the base afforded by the bearers (or their 
width) is only one fourth of that base ; and even this proportion may be 
diminished to any desired degree by extending the outer sides of the bearers, or 
those which have to resist the lateral action of the wheel flanges, whereby 
both the breadth or base of tlie bearers on that side is increased, and the 
vertical height of the rail above it, is diminished. (See d. Fig. 1 4.) 

As the lateral force applied by carriage wheels is always accompanied by a 
still greater force acting vertically, the resulting force must necessarily act in a 
direction much nearer to the vertical than 45°, or than at right angles to the 
sides of the bearers. 

No lateral vibration or oscillation can be produced by the passing of 
carriages ; for their weight, by pressing the rectangle of the bearers into a 
coinciding angle of hard ballast, must hold them steady, that is, since their 
support acts as much laterally as vertically, they are as incapable of motion in 
the one direction as in the other. 

The SECOND coKDTTioN 18 considered to be complied with by means of the 
silk of wood which are inserted between the rails and the bearers. 

As a further security against vibration where the rails are fastened down 



• This form, as compared with a flal base, affords the following great advantage. In beating 
or ramming ballast under the angular base, (in the direction of ilte arrows Fig. 11,) only one 
half of the force applied operates to lift llie bearers upwards, whereas if the base were fiat, the 
whole force would thus operate ; hence if the weight and stitTness of the bearers were equal in 
both cases, the former would permit, without being raised, double the density to be given to the 
■ustaining ballast which the latter would. 

It having been supposed that the angidar base of ihe bearers is a wedge, and will sink into the 
ground more easily than a flat base of equal breadth, the following observations are offered on 
the subject. 

inasmuch as its base, instead of being less than itt 
not a body having an angular base can, tinder pres- 
in which it isembcdded, must depend upon its own 
, and on the friction or cohesion of the particles 
ch other ; henc« it is evident that a rectangle of cast iron could 
bed of compact gravel, and still less on a bed of angular and 



A rectangle is not mechanically a wedge 
tengtii, is nearly double its length. Whether 
sure, exert a separating force on a substanc 
friction against, or adhesion to, that subsiani 
of that substance in respect 
not exert a separating force 
interlocking stones, it might farther be shown, that (the breadth of base being the same) the 
mtire acute the angle of the bearer, or in other words, the longer the sidfi of the nedge, 
greater would be its resistance to a depressing ibrce. 
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by clamps, pieces of wood are inserted under the clamp-heads, causing tlie rails 
to be in contact exclusively with wood. 

In explaining the degree in which the plan fulfils the third condition, the 
first point to be noticed is that of durability, which is expected to be obtained on 
the following grounds. 

iBt. Its strength and stability depend mainly on the cast iron bearers, 
which not being subject to corrosion, as wrought iron is, may be considered as 
indestructible. 

9d. The timber, from its small dimensions, can be easily saturated with 
matter preventive of decay, whether by being boiled in tar *, &c., or soaked in 
Kyan's solution of corrosive sublimate. 

3d. As the office of the timber, after the road is permanently settled, will 
be merely that of a cushion to neutralize vibration, its efficacy will be but 
little diminished by its partial decay. 

4th. The timber being confined in a stiff iron case, cannot derange the line 
by shrinking or warping, neither can it be split or bruised by the flanges of 
wheels which may get off the rails. 

5th. The contraction and expansion of the rails and bearers can take place 
without causing them to slide or rub against either the nuts or h^ds of the 

* The application of tar, oil. Sec, to wood in the ordinary manner can mereli/ preclude the 
ingreis of additional air and moisture, whilst it tends to confine in the ivood the air and moisture 
it may contain at the time of the application. But if wood be immersed in oil or tar, and heated 
till it has throughout acquired as great a degree of heat as will not be injurious to its texture, 
(probably about 300',) nearly all the air and moisture it contains will be driven off, and the 
small portion remaining in the pores and cells will be highly rarified air and steam, which, on 
cooling, would be condensed into perhaps -j^q'u^ part of its volume : (depending on the 
proportions of air and moisture the wood may have contained, and on the heat applied to it ;) 
therefore, if the mood be cooled tvhiUt submerged in the fluid, the pressure of the atmosphere (to 
which mechanical pressure might be added) will force the tar or oil, &c., into its exterior pores, 
and probably compress the cells or pores into which the tar, &c., is too viscid to penetrate. 
The exterior pores of the wood will thus, as experiment has shewn, be imperviously closed 
against the entrance of air or moisture. 

This process could be applied with most facility to timber of small dimensions. It would 
be less expensive tlian Kyan's process, and may perhaps prove a more permanent preventive 
of decay, since it wholly excludes moisture, the admission of which into the kyanized wood may 
give rise to decay, no withstanding the change produced in the sap, and it certainly occasions 
the silU to swell and shrink as tlie weather changes from wet to dry, which is very objection- 
able. 
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bolts, whereby a certain amount of wear and consequent loosening is avoided. 
The motion from expansion and contraction will merely produce a very slight 
flwaying or radial motion in the bolts, which their flexibility and the size of 
their holes will readily permit, and which will be too minute to aifect their 
vertical length in any detectable degree. (See Figs. 4 and 8.) Figures G and 7 
exhibit a mode of fastening iu which clamps affixed to the bearers in the manner 
of a " lewis " are substituted for bolts ; and they also readily permit the con- 
traction and expansion of the rails ; and in order that the closing and opening, 
thus caused, of the spaces between the ends of the rails, may be equal at every 
joint, it is desirable that the middles of the rails should be fixed to the wooden 
sills by means of screw bolts or spikes. 

6th. To preserve the ballast from being softened by water, the rain which 
may fall on the raits and bearers is collected and carried off by the channels in the 
sides of the bearers, and by the spouts, (shewn in section in Fig. 10,) also the 
ballast under each line is laid in a raised ridge, and therefore open to drainage 
on both its sides ; in addition to which, the ballast under the bearers forms a 
drain throughout. (See Fig. 11.) 

The '• facility of bebg repaired," which the plan possesses, is the last point 
to be noticed. 

Since all parts of the structure are so combined together as to be incapable 
of motion in respect to each other, the only cause of derangement to which it 
appears to be exposed, (and this in common with all other plans.) is the 
sinking of the sub-soil. Those cases of subsidence which can be provided 
for in the mechanical construction of a railway, may perhaps be considered as 
of three classes. 

1st. Those which, although of small extent, occur suddenly, as the slipping 
of a portion of embankment. 

2dly. Those which occur graduaDy and are so extensive in l«igth as to 
fonn a curvature, with which the flexibility of the railway vpill allow it to 
coincide from its own weight. 

3d. Those which occur gradually, but are so limited in length as to form a 
curvature with which the railway can only coincide when depressed by an 
inauHlient weight. 

The evils of the first case can only be mitigated in their degree ; and the 
means of mitigation which this plan affords, consist in its longitudinal con- 
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nexion, its lateral stiffness, and in its admitting tie-bars to be readily applied to 
it at any time. 

The most convenient and ready mode of applying them is shewn in Fig. 
14. Spaces or notches about two inches wide being cut in the portion of the 
sills which projects alcove the bearers, the tie-bars are passed under the rails, 
and their hooks (or ends bent at right angles) are then turned downwards so 
as to take hold of the bearers. They can be applied or removed with great 
facility. 

Fig, 12. Shews a mode of applying wooden tie-bars, which being level with 
the middle of the road between the rails, may be used where horses work on 
the line. 

In comparing this plan of railway as connected with tie-bars, (of whatever 
kind,) with a railway whose wooden sleepers act as lies, it must be obvious, 
that the lateral stifthess, firm longitudinal connexion, and imbedment in the 
ground, of the former, must enable it to oppose a much greater (at least, a ten- 
fold greater) resistance to being moved sidemise, than the flexible rails, and uncon- 
nected sleepers lying on the surface of the ground, of the latter plan, can oppose 
to the sleepers being moved endwise. 

The second case requires simply, that the railway should be restored to its 
proper level by beating or rolling additional ballast under the bearers, and this 
may be very easily done, since the structiure possesses a degree of vertical flexi- 
bility which, though very limited, is yet sufficient to allow it both to sink into 
gradual curves, and to be raised to its previous position, without any discon- 
nexion of its parts, or deterioration of its properties. Portions of the line may be 
successively raised by levers or screws to the required height, and ballast be 
driven into the space between the bearers and the bed from which they have 
l>een lifted. 

The occasion for this kind of repair will, of course, wholly cease when the 
sub-soil and ballast have attained permanent solidity, similar to that of a good 
turnpike road. 

The third case differs from the second only in this respect, that the bearers 
not being in contact with the ballast, except when they are depressed by an in- 
cumbent weight, the space between them and it is visible on the surface, and it 
only requires that such space should be filled up by beating or rolling ballast 
into it ; sleepers or bearers having flat bases beneath the surface of the ballast, 
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would, in such case, expose the fact of the ballast being sunken, only whilst 
they were depressed by a weight upon them. 

The exposure on the surface of the ballast of any the smallest degree of the 
third case of subsidence, is an advantageous consequence of the rectangular form 
of the bearers, to which may be added, that the remedy is applied at the surface 
without disturbing the consolidated ballast. 

With respect to such repairs as wear and decay may render necessary, the 
plan allows the rails and wooden sills to be removed and replaced without dis- 
turbing the bearers, or the foundation on which they rest. 

The foregoing pages explain the objects of a continuous-bearing railway, 
and the mode of construction which is believed to be the best calculated to attain 
them ; there still, however, remain to Ije added, a few remarks on the details. 

Figures I and 2 shew the rails and bearers combined in one piece of cast 
iron, as laid on Chatmoss of the Liverpool and Manchester line in April 1836*. 
The high elasticity of cast iron, and its liability to slight defects in its surface, 
render it ineligible for railways on which the traffic proceeds with great velocity; 
but where only a moderate speed is required, the combined rails and bearers 
(Figures 1 and 2) may be used with advantage, from the little trouble and ex- 
pense of laying and maintaining them. 

Figures 3 and 4 shew the two modes first adopted of affixing wrought iron 
rails to cast iron bearers; of these, nailing down the rails (Fig. 3) has proved to 
be inefficient. Bolting down the rails (Fig. 4) is ett'ectual, but the water chan- 
nels as shewn in the hgure are too small. 

The mode of fixing the rails by clamps (Figs. 6 and 7) is much superior to 
that of fixing them by bolts, since the rails have no bolt holes, and need not be 
cut to exact lengths, but may vary 2 or 3 inches from the mean or average 
length required. By the intervention of a piece of hard wood between the heads 
of the clamps and the rails, the latter are held in contact with wood only, 
whereby noise and vibration will be, as far as possible, prevented. The clamps 
can be applied, tightened, or loosened, with much greater facility than bolts, and 
as the only force or pressure to which they are exposed, acts upwards, and 



* The defect exhibited in this experiment is the compression of the packings which support 
the extremities of the small ends of the bearers, in the saddles or large ends. This arises from 
the packing being solder caul in, and which, therefore, cannot be tightened as vfear or compres- 
sion takes place ; this is obviated by ihe mode of packing shewn in the Plate, Fig. 9. In other 
respects this piece of railway fully answers il 

VOL. 11. 
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therefore tends to tighten them in their sockets, they cannot become loose. The 
sockets are so arranged in the bearers, (which are 10 feet long,) as that when 
the latter are connected end to end in proper order, two pair of clamps with a 
sjmce of 6 or 8 inches between them, occxir every 15 feet, in some part of which 
space the ends of the rails meet. (See A B, in Figs. 1 6 and 1 7.) This requires 
three patterns of bearers, as regards the position of their sockets; the number and 
position of the sockets, however, as also the lengths of the bearers and rails, must 
depend upon circumstances, and the opinion of the engineer. To secure the ends 
of the rails from sinking or diugeing into the sills, or being forced out of their 
true line, pieces of hard wood, 6 or 8 inches long, and of the form of the hollow 
or bridge of the rails so as to fill it completely, are inserted with half their length 
in each of the adjoining ends of the rails, whereby an additional bearing surface 
on the sills is afforded at the rail joints, (c, in Figs, 6 and 15.) Pieces of iron 
rolled to the required form, with thin sheets of lead between them and the rails, 
may be substituted for the wood*. On the outside of the rails, or the side on 
which the flanges of the wheels do not run, pieces of bar iron about an inch 
wide and ^ inch thick, with strips of wood under them, are placed on the 
flanges of the rails across their joints, and are held down by tlie clamps, (as 
shewn at a, in Figs. 6 and 16,) so that the rail-ends cannot rise or shake. 
By the above means firm and even joints are obtained, without impediment 
to the contraction and expansion of the rails, and without permitting them to 
be in contact with iron. 

The most convenient mode of laying the railway, is to render the ground 
on which a line of bearers is to be placed equally solid by heavy rollers or 
beaters, so as to form a shallow trench about 2 feet wide, taking care to give 
its bottom a Utile declination towards the places (10 to 20 yards asunder) where 
the cross drains will intersect it ; then to fill the trench to the depth of 6 or 8 
inches with stones, &c., rendered firm by rollers or beetles ; on this the bearers are 
to be placed, and broken stones and clean gravel are to be beaten or rolled imder 
and against their sides. After a convenient length of bearers have been ad- 



' If the rails be of tlie form shewn in Fig. 14, then at the places of their joints, notches or 
a of 4 or 6 inches wide, and j to ^ inch deep, should be cut in the limber which projects 
above the bearer. The botloms of the recesses should have a slight beve! or slope iransversely 
to the rail- Pieces of iron or hard wood made to fit these recesses, should be driven into ihem 
after the clamps or bolts near the ends of llie rails have been lightened down ; ihis will insure a 
firm bearing to tht rail-ends — pieces of leak wood would probably answer well. 
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justed by the packing pieces at the joints, and bolted together to a true level, 
a long straight edge should be applied to tlie parts on which the sills are to rest, 
and if any unevenness is perceptible, the hollows, however small their depth, 
should have strips of wood or felt, of the proper breadth and thickness, placed 
in them (the workmen being provided with strips of wood cut in a saw-mill 
to every possible variety of thickness and taper). A level bed being thus in- 
sured for the sills, whose sides are exactly parallel, (being sawn by machinery,) 
the rails when fixed down upon them will present a level surface. 

A perfectly level bed for the sills may be obtained by iillmg the interior angle 
of the bearers (after they have been adjusted and bolted together) with Roman 
cement, and rendering its surface parallel with the surface line of the rails by 
means of a mould sliding on a properly adjusted guide bar*. (See b. Fig. 14.) 
Before the sUls are placed on the cement^ its surface should be smeared with 
coal-tar or other similar matter. 

Instead of Roman cement, a slightly elastic bituminous cement may be em- 
ployed, perhaps, with greater advantage ; and as either kind of cement will 
adhere firmly in the angle of the Ijearers f, it may be inserted in them severally 
before they are laid, and its surface (whilst plastic) be reduced to an accurate 
level by means of a mould or scraper guided by planed grooves in a frame 
properly adjusted to the bearer, the eflect being the same as though the angles 
of the bearers had been cast solid, and their siuface planed by a machine. 

The intervention of a board of hard wood between the rails and sills, as 
shewn in the plate, will not only reduce the risk of the wood being bruised, 
but should this eventually happen, the boards could be replaced with but little 
trouble or expense. They also afford the means of easily correcting any slight 
deviations from a true level which may be observed in the surface of the rails by 
the insertion of strips of wood, pasteboard, sheet iron, or felt, between th^n 



• Ii having been suggested, ihal the cement would probably be pulverized by the weight 
and concussions of the engines, &-c., on the rails, the following experiment was made : — the in- 
terior angle of a bearer tvas filled with cement, rendered level by a mould sliding on guide bars. 
Afler a few days bad been allowed for it to harden, a sill of deal S inches thick was laid u}M)n it, 
and on the sill a bar of iron \ an inch thick was clamped down. The bearer being placed on h 
stone floor, the bat of iron was violently beaten with a sledge hammer. Although the concus- 
sion thus applied very far exceeded what could be occasioned by wheels rolling on the rails, yet 
the cement was neither cracked nor bruised by it — also, not a single clamp was loosened. 

+ A few small projections or nipples cast in the interior angles of the bearers would insure 
the retention of tlie cement. 

H S 
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and the sills. Such boards, however, may be safely omitted, if the hollow or 
bridge of the rails be filled up with hard bituminous cement, since the breadth 
of their bearing surface on the sills would be thereby materially increased. 

The rails should have bevelled ends, as shewn in the drawings; and it is de- 
sirable that one-half of their number should have their bevels cut the reverse way 
to that of the other half, in order that bath lines of rails (forming one track) may be 
so laid, as that the flanges of the wheels (the direction in which the trains are to 
travel being known) may always pass off ot from, and not on to, or against, the 
points of the bevelled ends. 

The ballast or gravel should, from time to time, be rolled or beaten till it has 
attained the solidity of a good turnpike road. Although a rectangular form is 
adopted for the base of the bearers, yet no particular forms or dimensions are 
prescribed; these maybe varied as circumstances or opinions may dictate; there- 
fore, all that can be stated as indicative of first cost, will be the weights and 
quantities of materials contained in the examples adduced in the plate. 
The bearers will weigh, 

as shewn in Fig. 1. 140 lbs. per single lineal yard, 

do. 3. 80 do. 

do. 4. 75 do. 

do. 5. 112 do. 

The rails will weigh about 45 to 60 lbs. per yard. The sills, (common deal, 
ehn, or other cheap wood,) including waste, will be less than half a cubic foot per 
yard, or less than one third of a cubic foot if the interior angles of the bearers be 
filled with cement. The quantity of ballast will not exceed the half of that re- 
quired for blocks, and of this about ;^th of a cubic yard per single lineal yard should 
be broken stone or gravel free from earth. Hence, it will appear, that when iron 
is at an average price, a railway on this plan would be considerably less expen- 
sive than one of equal strength on the usual plans, except in cases where blocks 
and ballast are unusually cheap*. The bearers shewn in Pig. 5, &c., are 
stronger and heavier than would be required in ordinary cases. 



• The relative expense of cast iron am! wooden continuous bearers can only be determined 
in a comparison of particular cases. It may, however, be observed, that as tlie stiffness of deal 
is to that of cast iron leas than 1 lo 15, (Barlow on the strengtii of timber, iron, Src, 1837,) 
bearers of equal sliffnesa will be of nearly equal coat. To ascertain the comparative advantages 
of the two kinds of bearers, would require an investigation into the value of form, occasion for re- 
paiiB, durability of material, &G.,for which, at present, there are no sutlicient data from experience. 
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EXPLANATION OF PLATE VU. 



Fig. 1. la a general section of a rail and bearer combined in one piece of 
cast iron. A specimen of this construction is on Chatmoss on the Liverpool 
and Manchester railway, where it was laid in April 1836. 

Fig. 2. Is a section of Fig. 1 at the overlap or inflexible joint, shewing the 
smalt end of one bearer bolted into the saddle or large end of another bearer. 
The construction of the joint is similar to that shewn in Figs. 8 and 9. 

Fig. 3. Is a general section of lhe_first mode, adopted for combining wrought 
iron rails with cast iron bearers. The bearers have the form of troughs, into 
which sills of wood are fitted. The rails are fastened to the sills by nails or 
spikes. 

Fig. 4. Is a general section of the second mode adopted for combining 
wrought iron rails with cast iron bearers. In this the rails are fastened down 
by screw pins passing through them, the sills, and the bearers. The joinings 
are the same as Figs. 8 and 9- 

Fig. 5. Is a general section of i)x& last and most perfect mode adopted for 
combining wrought iron rails with cast iron bearers. In this, the rails are 
fastened down by clamps fixed " lewis " fashion in the bearers, boards of hard 
wood intervene between the rails and the deal sills, as shewn longitudinally in 
Fig. 15. 

Fig. 6. Is a section in the tine AB of Figs. 16 and 17, shewing the clamps 
at a rail joint, with the pieces of hard wood inserted between their heads and 
the rails. On the side on which the wheel flanges do not run, the two 
adjoining clamps hold down a bar of iron, which crosses the rail joint and 
confines the ends of the rails. In the hollow or bridge of the rail is seen a 
piece of hard wood or of iron (shewn longitudinally at c. Fig. 15,) to distribute 
the pressure of the rail ends over a larger area of the sills. 

Fig. 7. Is an inside front view of a clamp, and of the key by which it 
is fixed in the dovetailed socket of the bearer. 

Fig. 8. Is a section in the Ime DE of Figs. 15, 16, and 17, shewing the 
screw pins which connect the bearers, and which in conjunction with the 
packing pieces (Fig. 9} render their joints inflexible. 

Fig. 9. Is a section in the lines FG of Figs. 15, 16, and 17. shewing the 
tapered packing pieces h h, of iron or hard wood, which support the extremities 
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of the small ends of the bearers within the saddles or large ends, and by which 
the troughs to receive the wooden sills are adjusted to an accurate correspond- 
ence before the screw pins, Fig. 8, are tightened. 

Fig. 10. Is a section in the lines HI of Figs. 15, 16) and 17. shewing the 
Bpouts by which the water collected in the side channels of the bearers is 
discharged beyond the bed in which they immediately rest. Draining tiles 
may be placed under the spouts. 

Fig. 11. Is a transverse section, on a reduced scale, of a portion of finished 
railway, shewing the foundation, or stone drain, under the bed of broken stone 
or hard gravel on which the bearers are supported. The arrows and lines 
shew that the directions in which the ballast is compressed by the bearers, 
and in which it is beaten or rolled under them, are the same. 

Fig. 12. Is a transverse section of a portion of finished railway on embank- 
ment, having the two lines of rails connected by a tie-bar of wood. 

Fig. 13. Is an end view of the tie-bar/, and cleat c. 

Fig. 14. Is a section of a rail and bearer shewing a mode of applying tie- 
bars of iron. Spaces or notches about two inches wide being left or cut in 
the wood which projects above the bearers, the tie-bars are passed under the 
rails with their bent ends horizontal, which are then turned downwards so as 
to clip the bearers ; d, shews an extension of that side of the bearer which has 
to resist the lateral action of the wheel fianges, whereby both the base is 
extended and the vertical height of the rail above it, is diminished. In this 
figure, the bottom or interior angle of the bearer is represented as filled with 
cement. 

Fig. 15. Exhibits a portion of railway in longitudinal section and in 
elevation, c is shewn in section in Fig. 6 ; DE, in Fig. 8 ; and FG, in Fig. 
9. R shews a rib giving additional depth and strength to the part of the 
bearer immediately under the joint of the rails, where, otherwise, their want of 
continuity would weaken the structure. 

Fig. 16. Is a plan of a portion of railway shewing the position of the 
clamps ; in respect to which, however, no particular number is prescribed- 
AB is shewn in section in Fig. 6 ; D£, in Fig. 8; FG, in Fig. 9; and HI, in 
Fig. 10. 

Fig. 1 7- Is an isometriea! view of a portion of railway. The letters refer 
to the same sections as in Fig. 1 6. 
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IX. — TVoodcH Bndf}r over the River CaUer, at Mirfield, Ymkshire, ilesigiwd and 
erected by TVillum Bvll, j^.Imt.C.E. 



This bridge was erected for the use of the hauling horses on tlie Calder and 
Ilebble Navigation, in the summer of 1835. 

The chord of the arc is 1 47 feet 6 inches, the versed sine 1 1 feet. The 
width of the roadway is 8 feet at the abutments and 5 feet at the crown. 

The arch is composed of two ribs of fir timber, with cross stays and diagonal 
braces. The timbers are wrought to the curve of the arch on the under and 
upper sides and straight in the intermediate joints. The ends abut on each 
other in the line of the radii, and are secured in their places by two wrought 
iron bolts passing through them in a vertical direction at each joint; which 
bolts are connected at each end by iron straps let into the wood. The ribs are 
also secured to each Other by wrought iron bolts (having a strong cast iron 
washer at each end) passing through them and the cross braces in an horizontal 
direction. Tlie roadway is composed of three inch deal plank, on which a coat 
of pitch and tar mixed with small gravel, about an inch thick, is laid, to protect 
the planks from the weather and horses' feet. The ribs are let into the 
springing stones about six inches at each end, and are wedged in with oak and 
the chases filled with lead. 

The abutments are formed of Ashler stone unhewn, except on the beds and 
joints, backed with rubble laid in mortar and grouted ; the wing walls which 
form the approaches are of rubble stone laid dry, as are also the walls of the 
hauling paths under the bridge. 

Tlie foundations are sunk in the silt or debris of the valley to about six feet 
below the ordinary surface of the water in the river, in the front of the abut- 
ments, and rise towards the back, as shewn in the drawing. {See Plate VIII,) 

The footings consist of two courses of flat stone, from 8 to 12 inches thick, 
and from 3 feet to 5 feet each way, laid rough as taken from the quarry ; no 
piling is used in any part. 

The arch was formed and perfectly fitted in all its parts at the carpenter's 
yard belonging to the Navigatioa Company, and taken to the spot in separate 
pieces. 
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The manner of erecting the arch was very simple, and attended with 
trifling expense ; it was as follows. Three barges were moored in the river 
at equal distances between the abutments, with their heads to the stream, 
and a temporary scaffolding of planks erected on them, on which the ribs and 
braces were put together a little above the chases in the springing stones, and 
as soon as they were firmly screwed up were lowered into their places by 
striking the packings from under them. The time occupied in erecting the 
arch was only about three days, and the planking was completed so that horses 
passed over in about a week. 

Considering the slightness of the ribs and the length of the span, but Uttle 
vibration takes place when the horses pass over it, 

The arch form given to the ribs in the plan was with a view to resist the 
action of the wind, which frequently rushes with great force through the 
valley, and which it was apprehended might have the effect of upsetting so 
slight a structure, if erected of an uniform width of 5 or 6 feet, (whicli is all 
that is necessary for the purposes for whicli this bridge is erected,) and it is 
found to answer the intention perfectly well. The author has been several 
times on the bridge when severe gales of wind were acting directly on it, 
without observing any sensible eflect. 

One great recommendation to the construction of bridges of this description 
for similar purposes is their cheapness ; the cost of this was as follows : — 

£ s. d. 
Masonry of the abutments and wing walls, including about 40 

yards of towing-path wall on each side 253 15 

The arch, including wood and iron work, and the labour of 

erecting, painting, &c 418 17 5 

Earth work in sinking foundations and forming approaches . . 70 1 6 

£ 74.'3 8 5 



X.— 0» the Teeth of TVlteek. By R. TVillis, M.A., F.R.S., H.M.Insf.G.E., 
Jacksoniaji Professor o/JVatttral Philosophy in the University of Cambridge. 

The investigation of the proper curves to be ^ven to the teeth of wheels, has 
been a favourite occupation with mathematicians of the highest eminence, and 
the geometry of the subject may be considered to be very nearly complete. 

Its application to the requirements of modem construction has appeared to 
me to be susceptible of improvement, and I have therefore ventured to lay 
before the Institution some suggestions, in which I have endeavoured to point 
out forms possessing properties more general than those hitherto adopted, as 
well as some practical methods of tracing readily the outlines of the teeth. 



SECTION I. ON THE CURVES ADAPTED TO PRACTICE. 

There are an infinite number of forms which will answer the conditions of 
enabUng the teeth of one wheel to communicate equable motion to those of 
another, for it can be shewn that under certain limitations, if any form of tooth 
be given, another may be determined which will work correctly with it *. A 
simple instrument which furnishes a practical solution of this problem, will proba- 
bly carry more conviction to the minds of practical men than the demonstrations 
which have been given by the writers referred to 
below. Let a pair of boards be prepared, having 
their edges AB, CD, Fig. 1, formed truly circular. 
Attach to one of them by any simple clamp the 
shape of the given tooth E, cut out in pasteboard, 
and to the other a piece of stiff paper secured by 
\ -\' / means of drawing pins; the shape E must be raised 

slightly above the surface of its board, so as to 
allow the paper which is appended to the other to slide under it, as is 
shewn in the figure. Make the circular edges of the two boards roll toge- 
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ther and in each successive position draw the outline of the shape E upon 
the paper below it. Tlie result of all these intersecting lines will be a bound- 
ing curve, which from the very mode of its description will touch the shape 
E at some point of its edge in every one of the successive positiona. But as 
these positions were all obtained by making one circular edge roll upon 
the other, so it is clear, that if the new curve be cut out and made to touch E, 
the motion produced by the mere contact of these two curves will be exactly 
the same as that caused by the rolling of the circular edges, and therefore per- 
fectly uniform. 

Many forms of E, tried in this manner, will prove untractable, for some 
of the successive portions of its edge may cover up and obliterate parts of 
the curve that have been previously drawn. These are forms that fall under 
the limitations alluded to, but it is unnecessary here to investigate the general 
reasons for this eflFect, as the proposition in question is well known and 
recognized by mathematicians, although not so well understood by practical 
men. 

From among the infinity of curves that may be offered, the epicycloids and 
involutes have been universally preferred, on account of the facility with which 
they can be mechanically described, and perhaps because they admit of ready 
and independent demonstrations of their possessing the properties required. 
But the practice has hitherto been confined to that class of epicycloids which 
work correctly with straight lines or circles. Teeth formed upon these prin- 
ciples possess this inconvenience : a wheel of a given pitch and number of 
teeth, say 40, if it be made to work correctly with a wheel of 50 teeth of the 
same pitch, will not work correctly with a wheel of 100 teeth of the same 
pitch. This is obvious, for the diameter of the describing circle by which the 
epicycloid is formed must be made equal to the radius of the pitch circle of the 
wheel with which the teeth are to work, and will therefore be twice as large 
in the second case as in the first. 

In the old style of mill-work, in which the teeth of wheels always consisted 
of wooden cogs, this property offered no very serious impediment, although, as 
we shall see, it introduced some complication of method ; but in the modern 
practice of making cast iron wheels, the objection is a very serious one. A 
founder must make a new pattern of a wheel of 40 teeth for every combination 
that it may be required to make of this wheel with others, and the same for 
a wheel of any other number. Besides, it often happens in machinery, that one 
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wheel is required to drive two or more whose number of teeth are different, 
and in this case the teeth cannot be correctly formed at all on the common 
principles ; and again, the perfection of machinery is impaired from the tempt- 
ation to employ in one combination patterns that have been formed for some 
other combination very nearly the same ; for example, to make a wheel of 
40 teeth that has been formed to work with one of 80, serve for a required 
combination of 40 with 85. 

It is essential, therefore, that the teeth of wheels should, if possible, be so 
formed as to allow a given wheel to work correctly with any other wheel of 
the same pitch. Now it has long been known that involute teeth have this very 
property, but the objections to these teeth on the score of the obliquity of their 
action have operated fatally against their introduction *. I shall now, there- 
fore, explain a method of imparting to epicycloidal teeth this property, and 
that without making them deviate very much from the general form that has 
been established by practice. 

To effect this, it is merely necessary to employ a proposition well known 
and stated by almost every writer on the subject, namely, If there be two 
pitch circles touching each other, then an epicycloidal tooth formed by causing 
a given describing circle to roll on the exterior circumference of the one, will 
work correctly with an interior epicycloidj formed by causing the same de- 
scribing circle to roll on the interior circumference of the other. 

This proposition having been demonstrated by so many wTiters, it is un- 
necessary for me to dwell upon it longer than to remark, that they have all 
passed from it, to recommend for practice that particular case of it in which the 
describing circle being made equal m diameter to the radius of the pitch line, 
the interior epicycloid becomes a radial straight line, the inconveniences of 
which practice I have she\vn f . 

The following corollary is, I believe, new, and constitutes the basis of the 
system I propose to explain. 

CoroUarif, If for a set of wheels of the same pitch, a constant describing 
circle be taken, and employed to trace those portions of the teeth which project 
beyond each pitch line by rolling on the exterior circumference, and those 
which lie withm it by rolling on its interior circumference : then any two 
wheels of this set will work correctly together. 
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For, in the first 'place, it is well known and can be shewn from, general 
principles, that the pori^ion of tooth mthin the pitch line of a driving wheel, 
works only wnXh. the portion r.hat lies ba/ond the pitch line of its follower, and 
that its action is confined to the a^joroach of the point of contact to the hne of 
centres. After the point of contact of the teeth has passed that line, then the 
case is reversed, and the portion of the driving tooth which lies beyond the 
pitch line is in contact only with some part of the follower's tooth which lies 
within its pitch line. 

Now as a constant describing circle is used for the whole set it is clear that 
the proposition will apply to any pair of wheels both bel&»re and after the teeth 
have passed the line of centres, for in each case we have an msterior epicycloid 
working with an interior epicycloid, and both have been drawn ijy the same 
describing circle, that is, by the constant circle of the set. 

To carry this scheme into practice, it only remains to settle the jtiroper 
diameter to be given to this constant describing circle, which may be done (jy 
considering the eff'ect this diameter has upon the form of the tooth. 

Let BCn, Fig. 2, be a pitch circle whose 
centre is 0, then upon this system the flank of 
the tooth, or that portion which lies within the 
pitch circle, will be an arc of an interior epicycloid 
(or hypocycloid) m'n or mn. Now if the de- 
scribing circle be of half the diameter of the pitch 
line, the flank will become a straight line co- 
inciding with the radius On. If the describing 
curcle be of less than half the diameter of the 
pitch line, the flank m n will be concave, and the 
base of the tooth will spread ; but if the describing circle be of more than half the 
diameter, the flank m'n will be convex, and the base of the tooth lessen inwards, 
a form manifestly unpractical and useless. Hence the describing circle must 
not be greater than half the diameter of the pitch line. 

On the other hand, if the diameter be too small, the base of the tooth will 
spread inconveniently, and the curvature of the exterior epicycloids be inju- 
riously increased, therefore, on these grounds, it should be made as large as it 
can consistently with the limitation just stated, so that we finally obtain this 
rule for finding the diameter of the constant describing circle for a set of wheels. 

Make it equal to the radius of the least pitch circle of the set. 
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And as pinions should never have less than 12 or 14 teeth, it would be 
well to establish one of these numbers for that least pitch circle. 

The proposition and corollary being perfectly general, will apply to racks, 
which must be considered as very large wheels, and also to annular or internal 
wheels. Accordingly, if the constant describing circle be employed in tracing 
their teeth, they will work correctly with any wheel of the set. 

It will be seen that this system is more easy of practice for the workman 
than the old one. Every epicycloid requires two circular or rather segmental 
templets, which are usually cut out of thin board. One of these, which may 
be termed the pitch templet, has its edge formed into an arc of the pitch line of 
the wheel ; the other, which represents the describing circle, and may be called 
the describing templet, has its circular edge formed accordingly. The tracing 
point is fixed upon the circumference of the latter, and the workman having 
previously described an arc of the pitch circle of the wheel upon his drawing 
board, fixes the pitch templet, so that its edge may coincide with this arc, and 
then causing the describing templet to roll upon the pitch templet, he traces the 
arc of the required epicycloid. 

Now on the old system, a set of wheels requires as many templets as there 
are pitch circles in the set, and also as many describing templets, but on the 
system just explained, only one describing templet is needed. As, however, the 
flanks of the teeth within the pitch circles become curves instead of straight 
lines, it is necessary to have concave templets adapted to the pitch circles, upon 
whose edges the describing templet may be made to roll for the purpose of ob- 
taining the proper interior epicycloid. The best way is to make each pitch 
templet with two edges, one convex and the other concave, 
as in the figure, and to write the diameter upon each of 
them, 

ON A FORM OF INCREASED STRENGTH. 



In a large class of machinery, the wheels constantly move in the same di- 
rection, and whenever this is the case, it is possible to increase the strength of 
the teeth in a very great degree, by an alteration of the common form repre- 
sented in Figure S, Plate IX. 

Let A B, C D, be the acting faces of the teeth of a pair of wheels, of which 



M N, R S, are parts of the pitcli lines. Novir, according to the ordinary practice, 
the backs of the teeth would be formed exactly in the same manner as the 
acting faces, as shewn by the dotted lines, and this enables the teeth to work 
backwards or forwards at pleasure if required. If, however, Uie back is never 
required to act, the strength of the tooth will be nearly doubled by making it 
of the form BegK, that is, by taking off the portion Bme, and filling up the 
nook €71^. Teeth so formed will clear each other quite as well as those 
formed in the usual manner, with the advantage of a root of nearly double 
extent, and as the acting faces remain of the usual form, they will work to- 
gether juet as the ordinary teeth do. Strictly speaking, the back Beg should 
be an arc of an involute so proportioned as to work correctly with the corre- 
sponding back of the tooth of the other wheel. For then, as the backs of the 
teeth would drive each other truly, they are sure to clear each other; and 
besides, if the nmchinery be made accidentally to run backwards, the teeth 
will still work, although with a considerable divergent pressure upon the 
axes *. It will he quite near enough, however, to make the back an arc of a 
circle described through the points Be*/, the first of which, B, should be taken 
a httle way from the point of the tooth in order to blunt it slightly ; the second, 
e, on the pitch chcle is set off in the usual manner, so that Te may be about 
-ji^ths of the pitch ; and the third point, g, may be found by dividing AK into 
live parts, and taking ffK equal to one of them. The space gK is required to 
enable the point of the corresponding tooth to clear itself. 

This form resembles the saw shaped teeth whidi have been employed 
occasionally by mechanists, for example, (according to Mr. Reid, in his Horo- 
logy, p. 100,) Lepine, of Paris, had in some of his watches the teeth and pinion- 
leaves of a saw teeth form, but I am not aware that the advantage of this 
shape has ever been systematically shewn, or any principle of its formation 
given. 

* This divergent pressure tvill do no harm, because the kind of machinery to which I pro- 
pose to adapt this form, never drives backwards, while the working pressure is upon it, but only 
during some previous adjualments, when the only prc-ssure to be ovtrcome is that produced by 
inertia or by the rticUon of the pans of the engine upon each other. 
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SECTION II. ON A PRACTICAL APPROXIMATION TO THE TRUE FORM BY 
ARCS OF CIRCLES. 

Although the practice in the best workshops is to describe the shape of a 
tooth carefully with templets in the manner just described, yet this is not done 
for every tooth in the wheel or pattern ; on the contrary, having traced the shape 
of a single tooth in this manner, the workman nest finds with his compasses, 
by trial, a centre and small radius by which an arc of a circle can be described 
that will coincide as nearly as he can manage to make it with the templet- 
traced epicycloid. Then having struck upon the face of the rough cogs a cu-ele 
concentric with the pitch circle, and whose distance from it is equal to that of 
the centre of liis arc, he adjusts his compasses to the small radius, and 
always keeping one point in the circle just described, he steps with the other to 
each cog in succession, they having been previously divided into equal parts 
corresponding to the pitch and breadth of the teeth. Upon each cog he 
describes two arcs, one to the right and the other to the left, which serve him 
as guides in shaping and finishing the acting faces. 

The portion of curve employed in a tooth is so short, that a circular arc 
would be quite sufficiently accurate, if its centre and radius were determined 
more correctly than by this coarse mode of trial. This consideration induced 
me to investigate the method I am about to describe, in which the eixamination 
of the nature and properties of the curves made use of for teeth is entirely 
dispensed with. I have deduced a simple construction by which a pair of centres 
may at once be assigned for a given pair of wheels, from whence, if arcs of 
circles be struck and employed for the working faces of teeth, they will answer 
the purpose of enabling these wlieels to work correctly together *. I have 

• Euler, in his second paper on tlie teeth of wheels, (N. C. Pet. XI, 209.) has with his usiul 
ability iuveatigated the proper curves, by examining the relation between tbeir radii of curva- 
ture at every point. This method has naturally conducted him to reaulta of a similar nature to 
those which I have given in the following pages, and he suggests that a small arc of the circle 
of curvature would suffice in practice for the forms of teeth. He has given some geometrical 
constructions for this purpose, and has then passed on finally to recommend the involute as the 
best curve, this paper being, in fact, the first in which that curve is pointed out as possessing 
the required properties. To Euler, then, belongs the merit of first suggesting the substitution 
of an arc of the circle of curvature for the real curve, a hint which has been, as far as 1 know, 
neglected by every succeeding writer. This may perhaps be attributed to the abstruse manner 
in which be has treated the subject. 
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also shewn the conditions under which this system may be made to acquire the 
essential property of enabling any two wheels of a set to work together, and 
finally, have endeavoured to present it in the best form for the workshop, by 
laying down tables and scales derived from it in the form of an instrument, 
which I have denominated an Odoniagrapk. 

We must first examine the nature of the motion which is produced by the 
pressure of one circular arc upon another when disposed so as to work in the 
manner of teeth. 

Let AB, fig. 4, be two centres 
of motion, kl/in a piece formed into 
a circular arc described from a centre 
P, and capable of revolving round 
A; oM^ in like raanner a circular 
arc described from Q, and capable of 
revolving round B ; now if the arc 
AMn be made to press against oM|), 
so as to communicate rotation to it 
round B, the liiie PQ joining the 
centres of the arc will necessarily always pass through the point of contact M, 
and will be of a constant length equal to the sum of the radii, so that in fact 
the motion will be exactly the same, if for the circular arcs a link PQ be sub- 
stituted, which length is equal to the sura of the radii PM, QM, and which is 
jointed to the revolving pieces at P and Q, the places of the centres. 

This also shews that a change of the actual lengths of the radii PM, QM, 
will not afiect the motion, so long as the distance of the centres is constant, for 
that whether the circular arcs had been struck through M or M', or even through 
a point M" beyond the centre Q, the system would still have been equivalent to 
the link PQ, jointed to the arms AP, BQ. 

It is only necessary then to examine the motion of this simple system of 
rods, and then to explain how it may be employed in forming the teeth of 
wheels. 
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Fig. 5. 




Let the rod AP, Fig. 5, be moved into a new position Aj9, its extremity will 
carry with it the end of the link PQ, and communicate through it a motion to 
the arm B Q, by which it will be driven into the new position B q ; and it is 
necessary to know the relative value of this motion to that of A P, which pro- 
duced it. 

Now this relation is continually changing, but its value at any instant may 
be thus determined. The rod PQ during its motion may be considered as 
always turning round some centre or other in space, although the relative 
position of that centre to it is continually shifting. Produce the arms A P, B Q 
in the requisite directions to meet in K, then will this point K be the mo- 
mentary centre. For as the extremity P moves round the centre A, the di- 
rection of its motion at starting from P must be perpendicular to AP, therefore 
the momentary centre will lie somewhere in AP produced. In like manner 
the initial motion of the other extremity Q must be perpendicular to BQ, and 
the momentary centre must also lie somewhere in the direction of BQ; therefore 
it must be in the intersection K of the two lines AP and BQ produced. But 
since the rod PQ turns on the momentary centre K, the direct motion of P and 
Q are to each other at any given instant as their radial distances from K, that 
is, as P K to Q K, which is true, whether we consider them as the extremities 
of the rod P Q or of the radii A P, B Q ; also the angular motions of the latter 
will be found by dividing these direct motions by their respective radii ; there- 
fore we have, 

VOL. II. 
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Angular motion of P round A : angular motion of Q round B ; 



PK 
AP 



QK 



::BT : AT 



Draw KL, AM, BN, perpendicular to PQ. Then we have 

PK : AP::KL : AM by simUar triangles KPL; APM 

BQ : QK::BN : KL BQN; KLQ 

AT:BT::AM:BN ATM;TBN 

and compounding these three proportions we obtain 
PK . QK, 
AP ■ BQ'' 

that is to say, the angular motion of the arms are to each other at any mo- 
ment inversely as the segments into which the direction of the link divides the 
line joining the centres of motion, or Une of centres, as it is usually termed. If 
now it happens that when the link PQ moves into its new position ;)y, very 
near to the first, this second position intersects the first in a point L above (or 
below) the line of centres, as in the figure ; then the ratio of the segments AT, 
BT will be altered into that of A/, B^, consequently the ratio of the angular 
motion will be an increasing or decreasing ratio, as the case may be. But if 
the point L coincide with the line of centres, thia ratio will for the moment 
remain constant. 

Now a little consideration will show that the point of intersection between 
two successive positions PQ, pq of the link must be at the place where the per- 
pendicular from K falls upon it. For as K is the momentary centre of motion of 
this link, the extremity L of the perpendicular will begin to move in a line at 
'right angles with it, and consequently will remain in the direction of the first 
position PQ when the link has passed into the second ;jj, that is to say, it will 
be the point of intersection of the two positions ; when, therefore, the rods 
are in such a position that the perpendicular from K meets the link PQ in the 
line of centres, the ratio of the angular motions of AP and BQ is constant: and 
if in this state of the system the points P and Q be employed (aa in Fig. 4) as 
centres from whence short arcs are drawn through any common point M, and 
applied as teeth, these arcs will manifestly drive each other correctly when in 
the exact relative position described, and very nearly bo when removed to a 
short distance on each side of it, which is the thing required *. 



' It is hardly necessary to remark, that a mo 
struction might have been given by employing ii 
in a practical paper. 



» direct and simple demonstration of this con- 
initesimals, which 1 nai desirous of avoiding 
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Now these relative positions of P and Q may be determined by a simple 
construction founded upon the necessary coincidence of L with T. 



Fig. e. 




Let A and B, Fig. 6, be the given centres of motion, A B the line of centres 
divided in T, so that the segments AT, BT shall have the ratio of the required 
motions ; or in other words, let T be the point of contact of the pitch lines. 
Draw PTQ, making any angle with AB, and through T draw TK perpen- 
dicular to it. Upon PTQ assume a point P as a centre, from whence the 
circular arc or tooth belonging to A is to be drawn. Then, to find the cor- 
responding centre for B, join AP, and produce it to meet TK in K, join KB, 
and produce it to meet P T Q in Q. Then will Q be the point required, which 
will appear by comparing this diagram with Fig. 5. 

If the point P had been taken at P', so that the angle AFT were less than 
a right angle, then the line P'A would have intersected T K in a point K' on 
the other side of T, and this would have thrown Q to Q' nearer to T. 

Again, P might have been assumed on the other side of A B as at F, but 
then the driving arc struck through m would have been concave. It is not 
worth while to examine all the cases that arise from the different relative 

2 



100 



PROFESSOR WILLIS ON THE TEETH OF WHEELS. 



positions of the points ; I shall merely show those that are applicable to 
practice. 

The side of the tooth may be formed either of a single arc or of two. ' As 
the arc is only an approximation, and is, strictly speaking, only exact at one 
point of the action, it will be better to adopt a figure composed of two arcs of 
circles, as we obtain two exact points ; but in that case one arc should be con- 
cave and the other convex, in order to facilitate their junction and produce a 
wider base ; and thus a figure is formed, as we shall see, very near to that 
usually adopted, the convex arc being of course given to that part which lies 
.outside the pitch circle, and the concave to that which extends within it. 

The angle A T P is arbitrary, and its value may therefore be determined 
from other conditions than those already stated. If, however, it be made a 
right angle, it is clear that the points P and Q vanish by coinciding with T ; 
and if it be made a little less than a right angle, the points P and Q are thrown 
so near to T that the radii by which the arcs are struck become too short, 
and the points of the teeth too much rounded ofi". 

On the other hand, if the angle ATP is made too acute, the action of the 
teeth upon each other at the moment of passing the line of centres and else- 
where becomes very oblique, and an injurious pressure is thereby thrown upon 
their axes. By various trials I have fixed upon 75" as the value of the angle 
which appears to avoid these two extremes, and have accordingly employed 
it in the construction of the Odontagraph. 

Again, the position of the point m, through which the arcs are to be struck, 
is also arbitrary, and must be determined by considering which point of the 
action we wish to make the correct point. If the teeth consist of a single arc 
each, the correct point may be fixed at the moment of passing the line of centres, 
and therefore the arcs must be struck through the point T ; but if the side of 
the tooth be formed of two arcs joined, one lying within, the other beyond the 
pitch line, then the action of one of them will be confined to the approach of the 
point of contact of the teeth to the line of centres, and the action of the other 
to its recess from that line, and m must be assumed upon such a principle that 
the correct point of each arc shall fall nearly in the middle of its action, the 
mode of doing which will appear presently. 
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TO DESCRIBE TEETH CONSISTING OP A SINGLE ARC. 

If the side of the tooth consist of a single arc, the system may be made ex- 
ceedingly simple, for as the distance of the point K from T is arbitrary when 
the points P or Q are not given, suppose it to be taken at an infinite distance, 
then (Fig. 6) A P K and Q B K will become parallel to T K, and perpendicular 
to P T Q, which shews that if lines be drawn from A and B (Fig. 7) perpen- 
dicular to P T Q, the points P and Q will be centres, whence if arcs be drawn 
through some common point w, or rather in this case T, these arcs will drive 
each other correctly. 

Fig. 7. 




If the angle P T A remain constant for a set of wheels of this kind, any 
two of them will work truly together, provided the arcs be struck through the 
point T; for let the wheel, whose radius is A T, be removed, and another whose 
radius is A' T be substituted, A' P' drawn perpendicular to T P P' will give the 
point P' as the centre belonging to the arc o y, and it is clear that this new arc 
o q will work as well with A: « as the former one, and also that if the radius 
A' T had been substituted for B T instead of for A T, by placing it and its 
corresponding line A'P' in the situation indicated by the dotted lines B'Q', that 
still the conditions of the construction would have been satisfied, and these 
two wheels worked truly together, and the same may be shewn of any other 
pair of radii. But if the arcs were struck through a point my not coinciding 
with T, then the wheels would fall into two groups, in one of which, as 
AT, A'T, the arcs are struck through a point m on the opposite side of the 
line of centres to the centre points P, F, and in the other, as BT, B'T, they 
are struck through a point m on the same side of the line of centres as the 
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centre points QQ'. Any wheel out of one of these groups will work correctly 
with any wheel taken from the other. 

But suppose that a pair of wheels out of one of these groups be put together, 
for example, out of that in which the point m and the center point of the arc, 
lie on opposite sides of the line of centres, and let AT and BT be the radii of 
the wheels in question. Now the relative positions of the points P and Q will 
still be true, but the arcs will no longer be struck through a common point, one 
of them being through wi, the other through m at the same distance on the 
opposite side of T, and therefore they will not work truly together. The arcs 
of the entire set must therefore be struck through T, and then any two wheels 
of the set will work. 

The distance TP is equal to AT x cos ATP, and if ATP be fixed at 75^ 
which is a convenient value, then TP=:*2588 x AP, whence the value is very 
easily found for any given radius, for in this case the value depends upon the 
radius alone and not on the pitch or number of teeth, as in the next example. 
The practical mode of setting out the teeth is shewn in Fig. 8, Plate IX. 
Make a bevel, as in the figure, whose angle at T shall be 75% and graduate 
its edge into a scale of inches and tenths, bearing to real inches and tenths the 
proportion of -SSSS to 1. Let A be the centre of a proposed wheel, BTC a 
(jortion of its pitch circle. Draw a radius A T, and apply the bevel as in the 
figure, with its angular point T upon the pitch circle and its plain edge in 
coincidence with the radius. Read ofl' the length of the radius in inches (which 
in this case is four inches) upon the graduated scale, and the point P so indi- 
cated on the drawing board, is the centre whence with a radius PT the arc 
Ty of the tooth is to be struck. 

On this system, however, the tooth has hut one true point, that is to say, 
it is only strictly exact at the moment of passing the liue of centres, and I 
therefore greatly prefer the construction about to be described, in which the 
side of the tooth is made up of two arcs united, and consequently has two 
points of accuracy. The tooth just described has considerable analogy to the 
involute, and like it has the fault of acting with too great a degree of obliquity. 
The teeth nest to be described are of nearly the same form as that which has 
been so long in use, and have, as well as those of Fig. 8, the property of allow- 
ing any pair of wheels in a set to work together. 
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TO DESCRIBE TEETH CONSISTING OF TWO ARCS OF CIRCLES. 

Figures 9 and 10, Plate IX., represent a pair of so constituted teeth in contact, 
Fig. 9 shewing their action before they reach the line of centres, and Fig. 1 
after they have passed that line; each tooth is formed of two arcs of circles, ab^bcj 
dey e/l of which the concave ones, ab, ef, are situated within the pitch circles, 
and the convex ones bcj de^ extend beyond these circles ; therefore, from well 
known principles, the concave arc ab will drive the convex arc de^ until the 
point of contact reaches the line of centres, and then the convex arc be will 
begin to drive the concave arc ef. 

There are two points in the action of these teeth at which perfect accuracy 
is attained ; one of them is when the teeth are in the position of Fig. 9, during 
the mutual action of a i and de^ and the other when they are in the position of 
Fig. 10, during the action oi be and ef\ and the arcs are so set out that these 
points of the action shall take place, the one nearly in the middle of the arc of 
motion before the line of centres is reached, and the other somewhere about the 
middle of the arc of motion that is traversed from the line of centres imtil the 
teeth quit contact. 

The construction of these teeth in a set is as follows. AB, Figures 9 and 
10, is the general direction of the line of centres; QPT, as before, is a line making 
a constant angle of 75° with the line of centres ; KTK perpendicular to QPT 
and having its two points K set oflF at equal distances on each side of T, 
these points and the lines being invariable for the entire set. 

The centres for the convex arcs are found by joining the centre of each 
wheel (A, Fig. 10; B, Fig. 9) with that point K which lies on the opposite side 
of the line QPT. Thus in Fig. 9, Q is the centre of the convex arc de^ found 
by joining BK, and in Fig. 10, P is the centre of the convex arc ie, found 
by joining A K. 

The centres for the concave arcs are found by joining the centre of each 
wheel with the K which lies between it and the line QPT; thus in Fig. 9, P 
is the centre of the concave arc aby found by joining AK, and producing it to 
meet PQT, and in Fig. 10, Q is the centre of the concave arc ef, found by 
joining B K, and producing it to meet TPQ. Moreover, the whole of these 
concave and convex arcs are struck through a point lying beyond T at a con- 
stant distance, T/i, or Tw, which for simplicity's sake I have assumed equal to 



y^ 



104 



PROFESSOR WILLIS ON THE TEETH OF WHEELS. 



lialf the pitch ; finding that this will place the correct points of the action at a 
sufficient distance on each side of the line of centres. 

The consequences of this arrangement will be that any pair of teeth so de- 
scribed will, when put together, answer the conditions of the construction 
abeady demonstrated. (Fig. 6.) 

1st. (Figure 9.) Before reaching the Hne of centres we have a concave arc 
ah driving a convex one de, of which the first has been struck from a centre P, 
derived from its nearest K, and the second from a centre Q, derived from its 
farthest K, consequently both derived from the same K ; also the arcs have both 
been struck through a point m, at the same distance beyond T, and therefore 
will work truly together. 

2d. (Figure 10.) After passing the line of centres, a convex arc be drives a 
concave arc ef, which in like manner are seen to have been derived from the 
same K, and to have been struck through a common point «, so that al- 
though the position of all these points is reversed, the arcs will, in this case, 
work truly together. 

The same will manifestly be true for every pair of wheels in the set, for the 
distances TK and Tot, or T/i, are constant for the whole. 



DESCRIPTION OF THE ODDNTAGRAPH. 

To enable a workman to find these points P and Q at once in every case, I 
have contrived the instrument which I have termed an Odontagraph, and 
which is represented in Figure 11, Plate IX,, with the arrangements for 
describing the tooth fed of Figures 9 and 1 0. These three drawings being 
all made to the same scale will explain each other by comparison. 

The instrument consists of a kind of bevel formed of a sheet of card paper, 
four tunes the lineal size of the drawing EFT' D, the angle DT'A: is 75°, and 
the side AT' F is occupied by a scale of equal parts numbered from T' both ways *. 
The plain surface of the card is principally occupied by the pair of Tables 
given in the next page, and by directions for their use. 



• The divisions in the enj 
far ihc sake of cleiirDess. Th 
inclieij, tvhicli are subdivided ii 
and tlic other from to 40. 



iving are made proportionally larger ilian in the real instrument 
actual ecale to which ihe Tables are adapted is divided into half 
3 lens and numbered from T' both ways, the one from to 210, 
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Let the example be a wheel of 26 teeth 2 inch pitch. Describe an arc TVT 
of the required pitch circle, and set o£f upon it T'T equal to the pitch and bisected 
in e, draw radial lines BT', BT. To describe the arc e/" within the pitch circle, 
apply the slant edge DT of the scale to the upper radial line BT', placing its 
extremity T' on the pitch circle, as in the figure. In the Table headed " centres 
for teeth within the pitch circle," look down the column of 2 inch pitch and 
opposite to 26 teeth will be found the number 37- The point indicated on the 
drawing board by the position of this number at Q on the scale of equal psurts 
T'P, which is marked Scnle of cmfrcs for teeth within pilch a'rcle, in the 
actual instrument, is the centre required, from which the arc Je must be drawn 
with a radius Qe. 

Now a comparison of this figure with Figure 1 0, will show that thus far 
the relative positions, inclinations and distances have been indicated by the in- 
strument for the point Q'. (the Q of Fig. 10.) The line BT', Fig. 11, is the same 
as BT in Fig. 10. 

The centre for the arc ed, which lies outside the pitch circle, is found in a 
manner precisely similar, by applying the slant edge of the scale to the lower 
radial line BT, placing the instrument in the position indicated by the dotted 
lines. The Table of Centres for teeth outside the pitch circle does not contain 
26 in its column of Number of Teeth, therefore the nearest number must be taken, 
which in this csise is 30, and the number 1 4 opposite to it in the column of 2 
inch pitch, will indicate the position of the centre Q upon the scale Tk of centres 
for teeth outside (he pitch circle, this scale being so titled in the actual instrument. 
Here, again, a comparison of Figure 1 1 with Figure 9, will shew that this new 
(^ration has given the true relative position of the point Q to the radial line 
BTandarcrfe*. 



• The description given above will enable any one to form the instrument, but tliose who are 
not disposed to take that trouble may obtain it either of caid-poper or metal from Messrs. Holl- 
zapfel of Charing Cross. 
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Tables s/tcwing the Place of the Cenii'es upon the Scale. 



CENTRES FOR TEETH WITHIN THE PITCH CIHCLE. 
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It can be shewn that the curve def is also true for an annular wheel of the 

same number of teeth.y becoming of course the point of the tooth and d its root. 

For a Rack the pitch line TT' becomes a straight line, and BT', BT will be 
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drawn perpendicular to it at a distance TT, equal to the pitch and the instru- 
ment applied as before. 

A number of 12 teeth is not inserted in the Table of Centres for teeth with- 
in the pitch circle, for in that case, the part which lies within the pitch circle is 
a portion of a radius tending to the centre of the wheel. 

If pitches are requhed intermediate to those in the tables for centres, the 
column belonging to the nearest pitch may be employed without a serious 
error, or a number may be taken halfway between those given in the 
two several columns. More accurately the numbers may be deduced from 
those of some other column by direct proportion ; thus, numbers for 4 inch 
pitch, may be obtained by doubling those in the column of 2 inch pitch. 

When the proper centre and mdius have been obtained from the Odon- 
tagraph for a single tooth, they may be employed in the usual manner described 
at the beginning of this section. 

I will now explain in a few words the mode of calculating the numbers in 
the table, by way of enabling other persons to alter any of the conditions. A 
formula for these numbers may be obtained as follows. (Vide Fig. 6.) From 
A draw AM perpendicular to TPF, then from the similar triangles AMP, 

PTxAM PTxAM 
PTK we obtain KT= — pj^| — ^TM^I^PT' Let KT = C, AT = R, PT = D, 

ATP=fi; 

D.R. sing 

•'• ^-R.cose-D ^^' 

Now the point P being in this case obtained from the K on the opposite 
side of T to A, this formula belongs to that part of the tooth which lies beyond 
the pitch circle, according to the principles already laid down. If T K" be 
taken equal to TK on the hne KT produced, and a point P" obtained by 
joining AK", and producing the line to meet P"PT, then P" will belong to the 
part of the tooth within the pitch circle, and the similar triangles AMP", 
P"T K", will give ua for this case the formula 

•^ = ir^-S-9T'B (')• ^l>ereD'=TF'. 

Now the value of C, which represents the equal lines KT, or K''T, may be 
determined for the whole set, by considerations similar to those already em- 
ployed in settling the diameter of the constant describing circle in the first sec- 
tion of this paper. If the radius AT of a wheel be assumed of such a length 

p 2 
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that AK" fall perpendicularly upon K"T, then will the line AK'P" become 
parallel to FTP", and consequently the point P" will go oft' to infinity, and the 
arc which should be struck from it to form the flank of the tooth will become a 
right line perpendicular to PTF'. 

If the radius AT be taken still smaller with respect to K"T, it will be 
seen (by taking K'T larger than AT) that in such a case the point P, will 
make its appearance on the opposite side of T ", but this makes the flank of 
the tooth convex, and drawing inwards so as to be less at the base than 
at the pitch line, which is an inipracticable form. To avoid this, and at the 
same time to make K"T as large as possible consistently with this limitation, 
assume K"T equal to R' sin Q, where R' is the least radius of the set. This 
value corresponds to the case in which AK' is perpendicular to K"T, and 
necessarily excludes the impracticable forms ; for since the least radius of the 
set now corresponds to that peculiar example in which AK"P" is parallel to 
PTP", every other value of AT being larger, will throw the points P" on the 
opposite side of T to M, which is the thing required to produce the concave 
flank. These observations apply only to that value of K T which lies nearest the 
centre A, and therefore to the flank or portion of tooth within the pitch cu-cle. 
As to the opposite value of TK, which corresponds to the portion of tooth 
Ijeyond the pitch circle, and which it must be remembered is equal to TK", 
it is clear from the figure that whatever value be given to it, its point P will 
always lie between T and M, and the arc of tooth be convex, supposing 
it to be struck, as it must be, through a point near to T. 

The value selected for K'T (namely R' sin 5) will therefore suit KT. 
Substitute now this value for C in the formulee (1) and (2), and after arranging 
the terms we obtain the following values of D and D'. 

R'Rcos^ ,„, . „, R'RcQsg 

R- 



D = - 



(3) 



and D'z 



(4) 



RtR ^^' cU,U..- jj_jj, 

Now D and D' (that is TP and TP") are the distances of the centre points 
of the arcs measured from T, and it will be seen by comparing the diagrams 
with the description of the Odontagraph, that the numbers in the columns 
of each pitch are the values of D and D', corresponding to the number of teeth 
in each wheel given in the first column, or, which is the same thing, to the 
values of the radii R and R'. To find these numbers for a given pitch, 



* Our formula thea becomes C= 
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substitute in (3) and (4) the particular values of R' and 6. and by help of 
a table of logarithms, the values of D and D' belonging to as many values of R 
as may be thought necessary, may be computed, and thus the column of 
numbers obtained for that pitch. Those of the other pitches may be derived 
from the first by common proportion. In this way I formed the table, 
assuming 12 for the least number of teeth, and 75° for the value of 8, and 
employing a scale of lialf inches and tenths in which to express tlie values of D 
in the nearest whole numbers, because I found that a unit of the twentieth of an 
inch was sufficiently small to avoid practical error. 

It is unnecessary to have numbers corresponding to every wheel, for the 
error produced by taking those which belong to the nearest as directed, is so 
small as to be unappreciable in practice. I have calciilated the amount and 
nature of these errors by way of obtaining a principle for the number and 
arrangement of the wheels selected. It is unnecessary to go at length into 
these calculations which result from very simple considerations, but I will 
briefly state the results. 

The difference of form between the tooth of one wheel and of another is due to 
two causes, (I) the diflerence of curvature, which is provided for in the Odonta- 
graph by placing the compasses at the different points of the scale of equal parts, 
(2) the variation of the angle T'BT, (Fig. 11,) which is met by placing the 
instrument upon the two radii in succession. 

The first cause is the only one with which these calculations are concerned. 
Now in three inch pitch the greatest difference of form produced by mere 
curvature in the portion of tooth which lies beyond the pitch circle, is only 
•04 inch between the extreme cases of a pinion of twelve and a rack, and 
in the acting part of the arc within the pitch circle is •! inch, so that as all the 
other forms lie between these, it is clear that if we select only four or five exam- 
ples for the outer side of the tooth and ten or twelve for the inner side, that 
we can never incur an error of more than the a-iirth of an inch in three inch 
pitch by always taking the nearest number in the manner directed, and a pro- 
portionably smaller error in smaller pitches. But to ensure this, the selected 
numbers should be so taken, that their respective forms shall lie between the 
extremes at equal distances. Now it appears that the variation of form 
is much greater among the teeth of small numbers than among the larger 
ones, and that in fact the numbers in the two following series are so arranged 
that the curves corresponding to them possess this required property. 
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Forthe outer side oftbe tooth, 19, 14, 17,21,26,34,47,73, 148, Rack. 

For the inner side, 12, 13. 14, 15, 16. 17, 19, 22, 26, 33, 46, 87, Rack. 

Now these numbers, although strictly correct, would be very inconvenient 
and uncouth in practice if employed for a table like that in question, where 
convenience manifestly requires that the numbers, if not continuous, should 
always proceed either by twos or fives, or by whole tens, and so on. They are 
only given as guides in the selection, and by comparing them with the actual 
table, their use in the formation of the first column will be evident. 

ON TEETH WORKING WITH TRUNDLES OR RADIAL FLANKS. 

The particular applications of the general construction which I have ^ven, 
apply only to complete sets of wheels workmg together, and it may be as well 
to shew its use in obtaining teeth adapted to work with trundles or pin wheels, 
as well as teeth in which the flank is a radial line as in the common form. The 
diagram of Fig. 12, Plate IX., must be drawn of the full size for any required 
wheel, A and B are the centres as usual, f(f and h k arcs of the pitch circles. 
Upon the radius of the trundle AT describe a semicircle, upon which set off 
from T, TP equal to the pitch. Draw PTQ and let fall a perpendicular BQ 
upon it from B, intersecting it in Q. If the point P be taken for the centre 
of the stave or pin, an arc m n described from Q and touching the stave in 
m, will be the side of the tooth required. 

If the flanks of the teeth are to be radial lines, then the portions lying 
without the pitch circle may be arcs of circles found thus. (Fig. 14.) A and 
B are the centers ; fg, hk, arcs of the pitch circles as before. Upon AT de- 
scribe an entire circle, and upon its circumference from A and T set off Az, Tm 
equal to each other and to about three quarters of the pitch; join Bx: and through 
mT draw wiTQ intersecting B 3 in Q; then an arc described from centre Q and 
struck through m, will be the curved face of the tooth for B T, and this will 
work with the radial flank of the tootll of AT. To find the curved face of 
the latter tooth make a similar diagram, in which AT and BT exchange places. 



ON CUTTERS. 

The Odontagraph is also applicable to the obtaining a correct form for the 
cutters used in shaping the teeth of metal wheels. The form of the cutter is that 
of the space between two teeth, and in order to shew the nature of the change 
of form required for different teeth as well as the general form itself, I have in 
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Figure 13, Plate IX.,drawn with acciiracy,andonalarge scale, the teeth proper to 
the two extreme cases of a pinion of 12 on the one hand, and a rack 
on the other, and have applied these two together, so that the central line of 
the spaces shall coincide, and thus bring the shapes of the cutters into direct 
comparison. 

Now between these two lie all the forms that are required for any number 
of teeth from 12 to a rack, or the largest possible wheel ; but in making a 
set of cutters, for small pitches especially, it is by no means necessary to make 
one for every number, as the forms for cumbers that lie close together are 
so nearly alike that the errors of workmanship would enthely destroy the 
difference, 

The variation of form however is much less among high numbers than in 
low ones. For example, the difference of form between a cutter for 1 50 teeth, 
and one for 300, is not greater than that between cutters for 10 and 17 
teeth. 

This being the case, it appeared worth while to investigate some rule by 
which the necessary cutters could be determined for a set of wheels, so as 
to incur the least possible chance of error. To this effect I have calculated, by 
a method sufficiently accurate for the purpose, the following series of what 
may be termed equidistant values of cutters ; that is, a table of cutters so 
arranged, that the same difference of form exists between any two consecutive 
numbers. 
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This will be a guide in the selection of the wheel to which each cutter 
shall be accurately adapted after it has been determined how many are 
necessary in a set. For example, if a single cutter were thought sufficient 
for very small wheels, it had better be accurately adapted to teeth of 25, for that 
value is intermediate between the two extremes. If three cutters are to suffice 
for the whole set, then 76, 95, and 15 must be selected, of which the cutter 76 
may be used for all teeth from a rack to 38, the cutter 9.^ from 38 to 19, and 
the cutter 15 from 19 to 12, and so on. 
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^^^^H It appears from the figure that the greatest diBerence of form is at the apex 
^^^H of the tooth, (that is, at the base of the cutter,) and amounts to -25 inch in 
^^^^H S inch pitch ; from this the ditterence may be ascertained for any smaller pitch, 
^^^^H and as many cutters interposed as the workman's notion of his own powers of 
^^^^H accuracy may induce him to think necessary. 

^^^^H Thus if the hundredth of an inch be his limit of accuracy in forming cutters, 
^^^^H and he is making a set for half inch pitch, where the diiference of form is 
^^^H i X -35 or -06 nearly, then half a dozen cutters will Ijc sufficient, and these must 
^^^^H be made as nearly as possible to suit the wheels of 150, 50, 30, 31, 16, 13. 
^^^^H The following table contains a selection of numbers for different cases, which 
^^^^H may save trouble. 

^^^H Table of Cutters. ^^^^ 
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When the numbers have been selected, the Odontagraph may be eraplo 
raw the figure of the cutter corresponding to each wheel, either on 
e scale as the proposed cutter, or on a much larger scale, which ma 
rwards reduced proportionally. 
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—A series of Eayteriments on Me strength of Cast Iron. 
Bbamah, MJiisLCE. 



By Francis 



A CONTRARIETY of Opinions amongst scientific men as to the principles on which 
the strength of cast iron beams to resist stress and flexure ought to be estimated, 
induced me, in the year 1834, to institute a course of experiments to verify the 
principles assumed by Tredgold in his Treatise on Cast Iron — a work which 
has contributed so much to establish the practical value of that material for 
the many important purposes in buildings and machinery to which it has 
been apphed *. This difference of opinion has originated principally from the 
known fact, that the ultimate resistance to compression considerably exceeds 
that to extension. It is the custom of many, even at this period uf our ad- 
vancement in science, to determine the value of material to resist stress and 
flexure by its resistance to fracture, thus regarding only the obvious testimony 
of those effects which in practice they are loo anxious to avoid, without ever 
contemplating or reasoning upon the invisible effects which we are sure must 
be taking place, but of which no evidence is afforded externally. 

One principle upon which the law of resistance is founded, viz., " ut tensio, 
sic rjs" can only be applied within the limit of the elastic power of the ma- 
terial ; beyond this limit it no longer obtains ; the effect following no fixed 
ratio, but increasing very irregularly toward the point of fracture. 

That the extent of the elastic power of the material is the limit of practical 
strength there can be no doubt, for as soon as the applied force exceeds that 
amount, the tenacity of the material becomes sensibly impaired, and the injury 
increases rapidly as the point of fracture is approached. The coincidence of 
the two forces, extension and compression, to produce e<^ua\ effects when 
confined within the limit of elasticity is very striking, and their divergency after 
passing that point is equally remarkable. 

The following experiments were principally directed to this point without re- 
ference to the comparative results of the various sections, although from the simi- 

* I am deeply indebted to my valued friend, and at that time my principal assistant, Mr. A. 
H. Renton, for bis superintendence of the experiments, and for the " Observations on the' Ex- 
periments " embodied in this communication. 
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larity in the quality of the material they will furnish a very close and pro- 
bably a more decided approximation than practice usually presents. 

The beams were subjected to the pressures by means of weights applied in a 
scale attached to the extremity of a long lever, exactly counterbalanced. (See 
Plate X.) Mechanical advantage 19 to 1, so that by additions of 4 lbs. in the scale, 
48 lbs. pressure was exerted on every application. Hence, in order to ascertain 
the actual load on the various specimens, the tabulated number of pounds which 
was suspended from the lever of the testing machine must be multiplied by 12. 

There were two similar specimens of the beams of each section, except in 
Experiment VII., the only difference between which is an opening that was 
left in the upper rail in No. 1 3, into which a loose piece of steel was inserted ; 
the difference of actual strength between the two appears to be very slight, as 
will be seen by reference to the Tables of Experiments. In consequence of the 
index being deranged, the results for one specimen only in the experiment on 
the simple rectangular section have been recorded. 

The experiments are tabulated in the order in which they were made, and 
the deflections given are such as were taken at th«» tmie, without any subsequent 
correction ; and they are illustrated with correspondmg sections, to facilitate by 
an easy reference the inspection of the results. 

In each case there are three distinct columns, namely, one of applied weights, 
one of observed deflections, and one of differences. Considering the minuteness 
of the observed amount of deflection, the discrepancies which some of the 
columns for the two similar species exhibit are very trifling, and from the regu- 
larity which both precedes and succeeds them, where they do occur, there can 
be no doubt but that they arise either from error in observation or the friction 
of the machine, or from some minute irregularity which the delicacy of the 
index rendered sensible. 

The observed permanent set in each specimen is marked with an asterisk in 
the column of deflections. 

Nearly all the specimens tried were ultimately broken, shewing accurately 
the relative value of the sections at the pomt of fracture as nearly as the 
diflferent quality of casting admits of, and also the approximation of the results 
within the elastic limit, the discrepancies amounting to a less quantity than the 
difference between the results of similar sections and cases. The identity of 
resistance to compression and extension, is clearly evident by a careful com- 
parison of the different columns. For had the resistance been in the constant 
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ratio of the ultimate powers of the material, the same proportion would have 
obtained in every part of the scale. 

In the illustrations of those sj^ecimens which were broken, the line of fracture 
is shewn by a dark line, and where the section of fracture was imperfect, from 
air bubbles or other causes, it has been tinted on the respective sections. (See 
Plates XI. and XII.) 

As the fidelity of the result of an experiment depends much upon the means 
and the nature of the apparatus employed, the programme of the course of ex- 
periments is annexed, to shew the mode of operation and the care that was 
taken to insure accurate results. 



PROGRAMME OF THE COURSE OF EXPERIMENTS. 

objwu As the object of these experiments is to shew the equality of the 

forces of extension and compression, and the comparative value of different sections 
to resist stress, when the load is confined within the range of the elastic power 
of the material, it is evident that any strain beyond that point would defeat the 
object in view ; it is therefore a principal feature in these experiments, and essen- 
tial to the accuracy of the results, to note that point where the elastic power be- 
comes impaired, and the specimens take a permanent set, and also to afford, by 
accurate ob8ervation,the means of comparing the deflections of each specimen under 
the sameload; to further this end the following points require particularobservation. 
comninn for um "^^^ eft'cct of thc machinB must be correctly ascertained; this 

■ppuiiiu. ^jji ^QjQyjjj jQ ijjg statical weight of the lever on the specimen, 
which will be a constant quantity ; this should also include the scale suspended 
from the end, so that the weights may not be influenced by it ; or, to adopt a 
more accurate mode of relieving the experiments from any inaccuracy resulting 
from the eflect of the machinery, the lever may be balanced together with the 
scale, so as not at all to interfere with the results ; the experiments may then 
commence from a much lower point. 

ptoMbiodtflwikm. The elastic power of the material will probably permit a deflec- 
tion in the various specimens, as follows : 

Those of uniform depth = — ^^, 



Depth at ends i d = 

" See note, page 124. 
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These formulae will serve 

point. 



a guide to direct the observation to the desired 

The index being decimally divided may be read off to a 1000th 
part of an inch. To insure the nearest approach to practical accuracy, a silk 
thread to be used for the coiinection between the wood lever and the index 
barrel *. 

c™n.i diKdion.. To prevent accidents to the indicating apparatus, two blocks 
must be used to limit the fall of the specimen should fracture take place. 

The weights to be added in increments, which shall produce a deflection 
of about "002 of an inch each, so as to give about thirty observations. 

The sections and weights of the different specimens to be very accurately 
taken, 
chdnofwik. The simple rectangular section to form the commencement of 

the series. 

The specimens of uniform depth with the flange downwards. 

Do., do., with flange upwards. 

The specimens diminishing towards each end with the flange downwards. 

Do., do., with the flange upwards. 

The open beams with solid rail. 

Do., do., with divided rail upwards. 

The triangular beams with bases reversed. 

The open flanged beams. 



THE TESTING APPARATUS. 

puttx. The bed of cast iron, A, was made of such a strength as to 

reduce the deflection of the machine to the smallest quantity possible, and fixed 
on two strong brackets, BB, well secured to the floor. 

The lever C is connected to the bed by links, D, and is balanced upon V 
centres by counterweights and levers ; it is shewn supported at two points in 
order to lessen the amount of weight on one particular point. The index plate 
consists of a disc 12 inches in diameter, divided into the equivalents for 1000th 
parts of an inch deflection, and these being of considerable magnitude, render it 
easy to read ofl" to the 4000th part of an inch. The indication is transferred from 
the centre of the beam to the enlarged axis of the disc or dial by means of a 

" This has since been replaced for Bubsequent experiments by a clock fusee chain. 
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lever 8 to 1 ; the diameter of the enlarged axis is 1"5 inches ; a hole is drilled in 
the bed, through which a steel wire with an adjustable point passes, and rests 
upon the lever, which is of the second order, the adjusting point admitting of 
its adaptation to beams of any depth and irregularity by simply screwing it 
up or down as circumstances require; by this means the index can at any period 
of the experiment, if desired, be set to zero. 



OBSERVATIONS ON THE EXPERIMENTS". 

A reference to the tables f, and a comparison of the value of various forms of 
section for cast iron I>eams witliio the elastic limit, will exhibit moat clearly 
not only the accordance of Tredgold's theoretical deductions with actual expe- 
riment, but also the fallacy of the opinions sometimes entertained on the relation 
between the forces of compression and extension. 

The tabulated results are here referred to in the same order in which they 
are there recorded. 

Experiment I. — A beam of the simple rectangular section of uniform depth, 
the depth 3 inches, the breadth '5 inches, and the bearing or distance between 
the points of support 3'083 feet. The load which produced a permanent set (as 
nearly as could be observed) was lOi x 1 2 = 1248 lbs., 1344 lbs. producing a 
set of -005. 

The load assigned by Tredgold in his Essay on Cast Iron, Art. 100, 2d Edit. 

— = W= 1 1240 lbs. 

The coincidence between the calculated and experimental results is very strik- 
ing, and which has been uniformly found to obtain in beams of the largest 
scantling. The observed deflection with the above load was '058 inch (the 
mean of two experiments gave '05d). Tredgold assigns '063 inch as the de- 

■02 P 
flection due to the elastic weight by his formula — -r- (Art. 174), a coincidence 

equally satisfactory ; and when the probable (^flference in the quality of the 
metal of which the beams were made is taken into consideration, it may be 
regarded as a very close approximation. In this experiment the coefficient for a 
bar 1 inch square, 1 foot long, is 855 Ibs.^ 

Experiment II. Nos. 2 and 3. — These beams were of the single flanged kind. 



• See note, page 1 



t Pages 125-134. 



J See note, page 124. 
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and were tested with the flanges downwards ; that is, on the extended side of 
the beams. The depth was 3 inches and uniibrm, the same as in the last ex- 
periment ; the breadth "5 inch, the flange 1*5 inches wide, and "5 inch thick. 
The weights of the two beams were different, owing to some trifling enlarge- 
ment of the section in casting, and the hghtest, No. 3, is selected for compari- 
son with the next in order. No. 4, with which it nearly coincides in weight. 
The load producing permanent set was (160 x 12= ) 1920 lbs., with a deflec- 
tion of -0655. The load assigned by Tredgold (Art. 856), is 1910 lbs. with a 
deflection of '063- In No. 2, the deflection for a corresponding weight was "075, 
owing to an air bubble in the section, as shewn in the figure. The set taking 
place at (144 X 12 = ) 1728 lbs. with a deflection of '067, shewing the elasticity 
to be the same in both specimens. This approximation is sufficient to establish 
the most unlimited confidence in the ingenious mode of deducing the value of 
this section. In No. 2 the breaking weight is to the elastic weight as 434 : 1 44, 
or as 3 : 1. In No. 3, the coefficient for a bar 1 inch deep, 1 foot long, and of 
the same proportionate section, is 4b'l"2 lbs. 

Experiment III. Nos. 4 and 5. — No. 4 being nearly of equal weight with 
No. 3, last cited, will admit of comparison. Taking the same applied weight, we 
have the corresponding deflection 'OTO.^, the difference may be owing to an air 
bubble in the section, which being only -005, is too insignificant a quantity to be 
considered as a deviation from the law as laid down by Tredgold. In No. 4, 
the breaking weight is to the elastic limit as 378 : 160, or as 2'36 : I. The 
coefficient for a beam 1 foot long and 1 inch deep, of a proportionate section to 
this specimen, is the same as No. 3, 46 1 "2. It has been considered by many that 
the single flanged beam and all assimilations to it, as the triangle, &c., are 
stronger with the flange down than with the flange up ; but it is clearly she^vn 
by these and the succeeding experiments, that such opinions are not founded 
either upon the physical properties of matter, or upon any practical results ob- 
tained from direct experiments. It may, however, here be observed, that those 
opinions have most generally been formed upon experiments on the breaking 
weights. • 

Experiment IV. Nos. 6 and 7. — Were of shuilar section at the middle 
of the length as in the last experiment, excepting that the depth was dimi- 
nished at the ends to one-half of the central depth. This diminution of the 
depth towards the points of support does not in any degree influence the abso- 
lute strength of the beam, but simply increases the deflection. The load which 
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produced a permanent set was {160 x 12 = ) 19S0 lbs., as in the last experi- 
ments, with a deflection of '103 and "1075, thebearasbeingof different weights. 



The calculated deflection by Tredgold (Art. 193) is ■ 



27P 



:-1036, an ap- 



proximation exceedioj^ly close to No. 6. A very sliglit difference in the 
section of No. 7 is sufficient to account for the increased deflection. A differ- 
ence in the quality of the metal would also affect the result, which is moat 
likely to be the case, as by the table the deflection is in advance from the com- 
mencement; and from the weight of the specimen being rs more than No. fJ. 
the increased density of the metal may account for this discrepancy, as 
in all cases it is found that the better or softer the metal is the greater the 
amount of deflection under a given strain. Both causes may however combine 
to produce the result in No. 6. The breaking weight is to the elastic weight 
as 5U : 160, or as S'lO : 1. The coefficient for a beam 1 foot long and 1 inch 
deep and proportionate section, 4()1"2. 

Experiment V. Nos. 8 and J). — Were of the same section as the last, the depth 
at the ends Iwing two-thirds of the central depth. 

The permanent set was observed to take place at (158 x 12 = ) 1806 lbs., 
with a deflection of -105 inch, and -10625 ; at (200 x 12=) 2400 the elasticity 
was the same in both ; the permanent set in No. 8 was '004, and in No. 9, "005 ; 
the absolute deflections very nearly coinciding, the latter being a heavier casting, 
and consequently a more extensible material. The breaking weight in this expe- 
riment was to the elastic weight as 546 : 158, oras 3*45 : 1. The coefficient for 
a beam I foot long and 1 inch in depth, and of ihe same proportionate section, 455. 

Experiment VI. Nos. 10 and 11. — Were of similar section and character as 
the last, but with the flanges reversed. The permanent set took place when 
No. 10 was loaded with (156 X 12 = ) 1879 lbs. with a deflection of -104 ; com- 
paring this with No. 8, to which it is opposed, being of equal weight, we find 
that 1896 produced a deflection of "105, the deflection being nearly in the 
ratio of the applied weights, confirming most completely the identity of the two 
positions of the single flanged beam. The ratio of the breaking weight in 
No, 10 to its elastic weight, cannot lie ascertained correctly, as the fracture 
was accelerated by a large air bubble in the section. No. 1 1 was too 
light to compare with the former two, and exhibits a higher degree of deflection, 
which was owing to the section being reduced by an air bubble, and 
therefore unfit for comparison, a set of "004 taking place at (168x12 = ) 



120 



MB. F. BRAMAHS EXPERIMENTS ON 



1916 lbs. The coefficient for a beam 1 foot long and 1 inch deep, and of pro- 
portionate section, 450. 

Experiment VII. Nos, 1 2 and 1 3. — Were beams of the open kind, the top and 
bottom rails being small in proportion to the whole depth. The central depth 
was 6 inches, the breadth 1 inch, and the width of each rail 1 inch, making the 
ratio of open part of the beam -66 of the whole depth, the depth of the ends 3 
inches. The object in this experiment was to shew the fallacy of the Galilean 
theory, which considers the whole of the section of a beam as strained by a 
tensile force with its neutral point at the upper edge ; for this purpose one beam, 
No. 1 3, was cast with a part of the upper rail cut out and a piece of steel was 
nicely fitted and inserted into the opening, so that to substantiate the theory, the 
piece of steel would be released by the separation of the parts. The beams were 
in every other respect alike. The load which produced a permanent set in 
No. 12, was greater than (574 x 12=) 6888 lbs. with a deflection a little es- 



= W 



=)• 



ceeding -0825. The weight assigned by Tredgold is ^ . 

7000 lbs. Taking the same load in No. 13, the corresponding deflection is 
'081, which is nearly identical with the former, shewing that the upper rail 
of the section is compressed and not extended. The deflection is somewhat 
under that of No. 12, arising from the substitution of the steel filling-in piece, 
which being a harder material than the cast iron, the amount of the compression 
in the length of the upper rail was less. 

It is not expected that the principle need be further insisted upon in this 
place, as the contrary is so much at variance with common sensef. 

Experiment V'lII. Nos. 1 4 and 1 5, — Were beams of triangular section.being an 
equilateral triangle of 2 inches base, and were tested with the base upward : 
they were of equal weight. Although the difl'erences are alike after a few 
observations, the absolute deflection of each specimen varies at the elastic limit 
about "005, or 5 per cent. As No. 14 was not broken, it was not ascertained 
whether the increased deflection resulted fi^om a defective section. No. 15 
was exceedingly sound, as may be seen in the illustrated section of fracture. 
The load producing the permanent set was {48 x 12 = ) 576 lbs., with a de- 

•See note, p. 124, 

"I" A sketch of the several theories which have from time to time engaged the attention of 
men of science, shewing the progress by which the present principles have been matured, may 
be seen in Barlow's Essays on the Strength of Timber. 
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flection of '112 and 'IIT. or a mean of ■1145. The load assigned by Tredgold, ia 

{' — — =W= j 566 lbs. with a deflection of ■114, a very near approximation. 

The ratio of the breaking weight to the elastic weight is 112 : 48, or as 2'33 
to 1. The coefficient for a beam 1 foot long and 1 inch deep, from the apex to 
the opposite side or base of tbe triangle, is 179- 

Experiment IX. Nos. 16 and 17- — ^W ere beams of the same section as last 
tested witli the base downwards. These specimens were nearly of the same 
weiglit, and the variation in the amount of deflection was about the same 
as in the last experiment. The load producing permanent set was (52 x 12 = ) 
624 lbs. with a deflection of 'llS and '106, or a mean of -1105. Comparing 
these results with those of the last experiments, they will be found to coincide 
very nearly, and quite as accurately as beams of a probable difference of quality 
can be expected to do. The ratio of the breaking weight to the elastic weight 
in No. 17,is as 132 : 52, or as 3'7 : 1- The results of these experiments on 
beams of triangular sections, corroborate those of the single flange kind. 

Experiment X. Nos. 1 8 and 1 9. — Were beams similar to Nos. 1 4 and 1 5, and 
tested In the snme position ; by a comparison with those experiments, we find a 
very near accordance in the results. The permanent set took place at (48 x 12 = ) 
576 lbs. with a deflection of *111 and 'lOltOramean of '106, which will be 
found to agree more closely with Nos. 16 and 17 than Nos. 14 and 15, but 
the differences amount to so small a quantity that it may be disregarded. In 
these experiments the ratio of the breaking weight to the elastic weight is as 
112 and 156 : 48, or as 2-3 and 3*25 : 1. 

Experiments XL and XII. Nos. 20 and 21. — Were open beams of the single 
flanged kind; the depth in the middle 3 inches, thickness -625, the flange 1'625 
wide and '625 thick, the open part between the upper and lower rails *583 of 
the whole depth ; the distance between the upper and lower rails was preserved 
by occasional vertical bars. Experiment XI. was made with the flange down- 
wards, and Experiment XII. with the flange upwards. The two columns will 
therefore show the relative value of the two positions. There was a diflerence 
in the weight of the two specimens, arising from the additional footing piece in 
No. 21. By an examination of the results, a most remarkable coincidence will 
be found throughout the entire range, at the end of which the total diflerence of 
the deflections does not exceed -08 for equal weights. Taking the elastic limit, the 
load was (76 x 12=.) 912 lbs. with a deflection m No. 20 of -1335, and in No. 
VOL. II. E 
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21 of •! 38, a difference quite insignificant. The breaking weights are here very 
small, owing to the peculiar construction of the beams ; they are made only for 
the elastic weight, and the rails were consequently not sufficiently braced to 
prevent crippling. 

Erperiment XIII. Nos. 22 and 23. — Were open beams of the same depth and 
flange, but witli a different character of bracing. The same disposition of the 
strain was observed as in the last pair of experiments. At the elastic limits 
there is a difference of "0045 in the deflections for corresponding weights at 
(108x12 = ) 1296 lbs.; but tracing the columns they will be found to 
coincide exactly as the experiments proceed. In these experiments the small 
degree of permanent set is very striking, shewing the greater uniformity of the 
strain upon the sectional area of beams of this order. No. 23 broke with 
(400x 12 = ) 4800 lbs. being in the ratio of 2'17 : 1. It is here remarkable 
that the beam with the flange downwards deflected rather more than that with 
the flange upwards, (contrary to the usual opinion,) since it is a more con- 
vincing proof of the inaccuracy of those opinions which these experiments were 
originally designed to correct. 

Experiment XIV. Nos. 24 and 25. — Were open beams of similar section to 
the last, but varying in the mode of connecting the rails. There is a dis- 
crejjancy in these experiments which could only be accounted for by an air 
bubble in the section, since the deflection is nearly as the weight applied : had 
the specimen broke across the section, the cause could have been ascertained. 

Experiment XV. Nos. 26 and 27. — Were open beams of similar character, 
but with a different mode of bracing and increased depth. The accordance is 
here again very striking. The permanent set took place with a load of 
(168x12 = ) 2016 lbs. and a deflection of -0755 in both cases alike. The 
relative breaking weights are ia the ratio of 592 : 276, or as 2*14 : 1. In all 
these experiments on open beams, it is obvious that the results all fall short of 
the full strength of the specimens, as the fractiu"e took place out of the centre. 

Experiment XVI. Nos. 28 and 29. — Were solid single flanged beams with 
the central part cut out so as to leave the same section at the middle as in the 
last. The depth of these beams was 4 inches in the middle, and 2 inches at 
the ends, with 3 inches taken out of the middle. A very close agreement subsists 
up to the elastic limit, which very singularly took place in these specimens so 
low as (108x12 = ) 1296 lbs., the deflection being -036 and "039. At 
(168x12=) 2016 lbs., in each experiment the permanent set was precisely 
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the same '0015, and the absolute deflections were respectively "051 and "0525. 
The ratio of the breaking weights was 540 ; 196, or as 2"75 ; 1. 

Id the several comparative specimens of similar open beams, the difference 
of weight arises in some instances entirely from the addition of the footings, 
and not from any variation in the dimensions or quality of the specimens. 
The latter ten experiments were instituted to show the variation of strength by 
adopting different modes of framing the braces, by which also the proportionate 
value of the several additions of metal is obtained. The results are tabulated 
in a separate form at page 124, giving their relative value in terms of a 
unit in breadth, depth and length, which number is also the coefficient to be 
used in the formula for ttie particular form of section, to which it applies in the 
form of — - — = W, taking b and d for the extreme breadth and depth. 

It is obvious from these experiments that the strength of an open girder 
very much depends upon the mode of uniting the top and l)ottom rails, so as to 
insure a uniformity of strength, in which case the fracture would most probably 
take place in the middle ; this was the case in the last experiments, where the 
beams were made solid excepting the central part. 

It is a striking feature in these experiments, that the results not only accord 
most minutely with tlie tlieoretical deductions of Tredgold, but that they show 
most completely that the aggregation of the particles of the metal, whether in 
the smaller or enlarged sections, is nearly the same ; since in beams of the 
largest kind weighing from 4 to 5 tons and upwards, and constructed to sustain 
a load of from 50 to 150 tons weight, the same degree of fidelity attends the 
comparison. It is very important to know this, for in a work of such extensive 
requisition as Tredgold's Essay on Cast Iron, to have a doubt existing of its 
accuracy in theoretical or practical detail is to involve the practitioner in the 
most painful perplexity. It is also a source of the highest gratification to be 
enabled upon this positive testimony to conduce so decidedly to the establish- 
ment of such a valuable contril>ution to science, and to maintain, although it 
cannot elevate, the character of a man who, by his peculiar acumen and in- 
defatigable industry, has in the very limited period allotted to his scientific 
labours, enriched so many of the paths of science by eradicating the weeds of 
empiricism, and in their stead sowing tbe seeds of principle, founded on the 
natural laws and affections of matter. 
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Table (^the Comparaiire lvalue (if the last teii Experiments of the Series. 



No. 


Wd^l nf 
.praraeu. 


Elulic Kcigfat. 


Drfeclioo. 


«eighl.. 


DcRcMioo. Coeflicinil. 




n». 


. ■>»• 




lb.. 






20 


\h'b 


70 


■133a 


100 


■1B8 
-IflO 


102-25 


31 


16-6 


76 


■138 


98 


2-2 


18-375 


JOB 


■070 


184 


•125 


273-24 


23 


17-375 


108 


■076 


400 


•208 


24 


lS-4 


200 


■169 


284 


■250 




25 


16-5 


100 


■095 


188 


■IBO 




26 


17'125 


1G8 


•0765 


592 


■273 


t .30 


27 


19-81 


168 


■0756 


27G 


■1235 


SS 


21-5 


108 


-030 


540 


■204 


1 liJ3'7 


28 


22-75 


108 


■039 


na 


■065 



Taking each pair of specimens, it will be found that the deflections for the 
breaking weights are in the ratio of those numbers nearly. 

In these experiments on open beams the comparative value, as shewn in the 
Table, of the cases of the flange up or down does not follow any defined or re- 
gular law ; since with the same section the beams were all of different values. 
Therefore, a comparison cannot be instituted between the two positions of the 
beams, as, theoretically, they are, as far as regards their central sections, of equal 
strength. 



Note to face 1 15. — In these and all the formuls made nee of in this paper, h is the breadth 
in inches, d the depth in inches at the middle of the length, which is the paint of greatest strain ; 
I is the length in feet between the ]KiiDis of support ; f is the clastic force per square inch of 
■he inatcrial= 15300 lbs. ; and rr the weight or load which each specimen is capable of supporting. 

NoTK TO PAGE 117- — Taking 1248 lbs. as the elastic power of the specimen, the coefficient is 
obtained by the formula, 

or, 3-083 Xl-i.t8 __ 

■5X3' —■>■>■• 
and the equivalent elastic force of a square inch is by the Ibrmuln, 

■i b iP--' • 
or, 3x1248x3083x12 



ax-5x3' 



= 15360 lbs. 



tvhere ' is taken in inches instead of feet. 

Note to paue 120. — In this Ibrniula, C (the coefficient for 1 fool long, I inch deep.) = 
and g=-66, the ratio of the open panto the whole depth of the bettm. 
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Exp. I. 

Nd. I. 

1 

Wright. 
IB bt. lioz. 


Ill-^rr 


Diffcr- 


15 S- 


Defl«- 


Diff«. 


it 


Dcilec 


Difler- 


H 


Deflec- 


DiSec- 


4 
8 
12 
IG 
20 
24 
28 
3:1 

36 
40 
44 
4B 


■0025 

■0043 

•007 

■010 

■01-2 

■014 

■010 

■018 

•020 

•022 

■024 

■02C5 


■002 
■00-23 
■003 
002 
■002 
■002 
■002 
■002 
■002 
■002 
•0025 
■0025 


Ibi 

52 
5« 
60 
64 
08 
72 
76 
80 
84 
88 
92 
00 


■029 
'0315 
■0337 
■030 
■038 
■040 
■042 
■044 
■0105 
■049 
■0313 
■034 


■0025 

■0022 

■0022 

■002 

■002 

■002 

■002 

■0025 

■0023 

■0023 

■0023 

■002 


ibi. 

100 
104 
108 
112 
116 
120 
124 
l'2B 
132 
136 
140 
144 


■056 
■038« 
060 
■063 
■005 
■0682 
■0085 
■071 
■0733 
■0732 
■078 
■080 


■002 
■002 
■003 
■002 
■0012 
■0022 
■0025 
■0025 
■0017 
•0027 
■002 
■001 


148 
132 


■Oftl 
■084 


■003 


Exp. II. 
No.t. 

i 

Wdght, 


4 

B 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
5-2 
5(t 
BO 
64 
68 
72 
78 

tto 


■0015 

■ooa 

■005 
■007 
■009 
■Oil 
■013 
■013 
■017 
■019 
•021 
-023 
•025 
■027 
■0285 
■030 
■032 
■0343 
■0363 
■038.5 


■0013 
■002 
■002 
■002 
■002 
■002 
■002 
■002 
■002 
■(P02 
■002 
■002 
■002 
■0013 
■0015 
■002 
■0025 
■002 
■002 
■002 


84 
88 
92 
9ti 
100 
104 
108 
112 
116 
120 
1-24 
1-28 
132 
136 
140 
144 
148 
132 
156 
160 


■0405 

■042 

■0445 

■U46 

■048 

■050 

■0515 

■03*5 

■0555 

■0573 

-0395 

■0005 

■0613 

■063 

■0(;5 

•tW7' 

■069 

■071 

■073 

'075 


■0013 

■0O23 

■0013 

■002 

■002 

■0015 

■002 

■002 

■002 

■002 

■001 

■001 

■0015 

■002 

■002 

■002 

■002 

■002 

002 

■002 


164 
168 
172 
176 
180 
184 
188 
192 
196 
200 
210 
224 
238 
252 
266 
230 
294 
308 
322 
330 


■077 

■079 

■0805 

■082 

■083 

■084 

■085 

■0862 

■088 

■000 

■098 

■102 

■108 

■115 

■120 

■126 

■132 

-137 

■142 

■148 


■002 
■0015 
■0015 
■001 
■001 
■001 
•0012 
■0017 
■002 
■008 
■004 
■006 
■0O7 
'005 
■006 
■006 
■003 
■005 
■006 
■016 


350 
364 
378 
392 
406 
420 
434 


■■>05 *" ' 

Broke. 


No. 3. 

i 

Weight, 


4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
62 
60 
60 


■ooia 

■003 

■0032 

■0075 

■0095 

■0113 

■013 

■015 

■016 

■0175 

■019 

■0205 

■022 

■0235 

■0-25 


■0015 
■00-2-2 
■00-22 
■002 
■002 
■0015 
•002 
'001 
■0013 
'0015 
•0015 
■0015 
■0015 
■0013 
002 


04 
C8 
72 
70 
80 
84 
Bli 
02 
06 
100 
104 
1IJ8 
112 
110 
120 


"»= Zl 


124 
r2M 
132 
130 
140 
144 
148 
132 
150 
HiO 
164 
168 
172 
170 
180 


■0515 
-033 
■0347 
0305 
■038 
■0393 
■061 
■0(125 
■064 
■0055* 
■0673 
■0095 
■071 
■07-25 
■074 


■0015 
■0017 
■0017 
■0015 
■0015 
■0015 
■0015 
■0015 
■0013 
■002 
■002 
■(1015 
■0015 
■0013 
■0015 


184 
18H 
102 
UHI 

-200 


■0755 
■077 
■078 
■0795 

■oni 


■0015 
■001 
■0015 
■0013 
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Exp. III. 

No.*. 

T 

Weighl, 

anb>. soi. 


11 


Deflec 
lion 9. 


Differ. 


II 


Dfflec- 


Diffei^ 


fi 


Ddl«- 


DjITm- 




Ddlec- 


Difler. 


lbs. 
4 
ft 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
62 
56 
60 
64 


■001 
■003 
■005 
•0075 
■009 

■on 

■013 
■0145 
■010 
■0175 
■010 
■0205 
■0225 
■025 
■0265 
■028 


■002 
■002 
■0025 
■0015 
■002 
•002 
•0015 
■0015 
■0015 
•0015 
■0016 
■002 
■0025 
•O01.'( 
■0015 
■0015 


72 
76 
80 
84 
88 
02 
96 
100 
104 
108 
112 
116 
120 
124 
128 


■0295 

■031 

■033 

■035 

■037 

•0385 

•040 

■042 

■044 

•0455 

•0476 

•049 

-0505 

■0525 

•034 

■0555 


■0015 
■002 
•002 
■002 
■0015 
■0015 
■002 
■002 
■0015 
■0O2 
■0015 
■0015 
-002 
■0015 
-0015 
■0022 


ibj. 

132 
130 
140 
144 
148 
152 
136 
160 
164 
108 
172 
176 
180 
184 
188 
192 


■0577 

•050 

•0605 

•063 

•0005 

■068 

■069 

■0705' 

■0735 

•075 

■077 

■079 

•081 

•082 

■084 

•080 


■0012 
-0015 
■0043 
■0015 
-0013 

■oov 

■0015 
■003 
■0015 
■002 
■002 
■002 
■001 
■002 
■002 
■002 


lb.. 
lor 

200 
210 
2-24 
238 
252 
266 
280 
294 
308 
322 
336 
350 
364 
378 


.,n 008 

.;;i ■»'» 

"« .o,» 

■S ■«»' 

Broke. 


Nc, a. 

T 

SO lb.. Box. 


4 

8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
&2 


•0015 
•0035 
■006 
■008 
•010 
■0125 

■oia 

•0105 
■018 
■020 
■022 
•024 
■0^255 


■002 
•0025 
•002 
•002 
•0025 
■0023 
■0015 
■00-25 
•001 
■00-2 
■002 
•0015 
•0025 


56 
60 
04 
68 
72 
76 
80 
84 
80 

a2 

90 
100 

104 


■028 
-030 
•032 
•034 
■035 
•037 
•030 
■041 
■043 
■045 
■047 
■049 
■031 


■002 

-0O2 
-002 
■001 
■002 
-002 
•002 
•002 
■002 
■002 
■002 
■002 
■002 


108 
112 

iir 

120 
1-24 
128 
132 
136 
140 
144 
148 
152 
,60 


■0S3 
■055 
•057 
■059 
-0003 
■0625 
0646 
■066 
■0675 
•009 
■071 
■0725» 
-074 


■002 

■002 

■002 

■0016 

■002 

•002 

-0015 

-0015 

■0015 

■002 

■0015 

■0015 

■0015 


100 
164 
168 
172 
170 
180 
184 
188 
192 
196 
200 


■0755 

■077 

■080 

■0835 

■085 

■0865 

■0883 

■001 

■0035 

■0955 

•097 


■0015 

■003 

-0033 

•0015 

•0015 

■002 

■0025 

■0025 

•002 

■0015 


Exp. IV. 
No. 6. 

1 

Wright 
17 Ib^ o,. 


4 

8 
12 
16 
20 
24 
28 
32 
30 
40 
44 
48 
52 
56 
60 
64 
6B 
72 
76 


■002 
■005 

■W>B 

■on 

■014 

■01 e 

■019 

•0215 

■024 

■0205 

■029 

■032 

•034 

■037 

■040 

■042 

•045 

•0476 

•060 


■003 

■003 

■003 

■003 

■002 

■003 

■0025 

■0025 

•0025 

■0025 

■003 

■002 

•003 

■003 

■00-2 

■003 

■0025 

■00-25 

■0025 


00 
84 
88 
92 
06 
100 
104 
108 
112 
116 
120 
124 
120 
132 
136 
140 
144 
148 
152 


■0625 

-055 

■0575 

■060 

■0625 

■005 

■0073 

-070 

■0725 

■075 

■0775 

■080 

•08'25 

■Oft-5 

■0875 

■090 

■092 

■095 

■098 


■0025 

•0025 

■0023 

■0025 

■0025 

•0023 

■0025 

■0025 

■0025 

•0025 

■0025 

■0023 

•0025 

■0025 

•0023 

■002 

•003 

-003 

•002 


156 
160 
164 
168 
172 
176 
180 
184 
188 
102 
106 
200 
210 
224 
238 
252 
266 
280 
294 


-100 
•103* 
-1055 
■108 
■111 
■114 
-110 
■119 
■122 
•125 
-128 
■132 
■135 
■145 
-155 
■165 
■173 
■185 
-105 


■003 
-0025 
-0025 
■003 
■003 
■002 
■003 
■003 
■003 
■003 
-004 
■003 
■010 
■010 
■010 
■010 
■010 
■010 
■010 


308 
322 
336 
350 
364 
378 
392 
400 
420 
434 
448 
462 
476 
490 
504 
511 


■205 
■212 
■219 
■227 
■237 
■247 
•257 

Bro 


•007 
■007 
■008 
■010 
-010 
-010 

ke. 
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Na. 7. 

1 

Wrfgbt, 

ISthLODK. 


M 

lU. 

4 

8 
12 
10 
20 
24 
28 
32 
36 
40 
44 
4» 
52 


Deflec- 

Cioat. 


Diffct. 


II 


tioot. 


DifRf. 


li 


lion*. 


Differ. 

enec*. 


li 


Deflcc 


Kfltr- 

CDCCt. 


■003 
•006 
•000 
■012 
■015 
■018 
•021 
■025 
•028 
•031 
■034 
■037 
■040 


•003 
-003 
■003 
■003 
■003 
■003 
■004 
■003 
■003 
■003 
■003 
■003 
■002 


5« 
60 
64 
60 
72 
70 
80 
84 
88 
92 
DO 
100 
104 


■042 
■045 
■048 
■060 
■063 
■050 
■068 
■000 
■0025 
■005 
■007 
■06»6 
■071 


■003 

■003 

■002 

■003 

■003 

■002 

■002 

■0025 

■0025 

■002 

-0025 

■001 S 

■004 


108 
112 
116 
120 
124 
128 
132 
136 
140 
144 
148 
152 
156 


■075 
■077 
■080 
■0826 
■085 
■088 
■091 
•003 
•005 
■0975 
■100 
■103 
■105 




002 
003 
0025 
0025 
003 
003 
002 
002 
0025 
0025 
003 
002 
0026 


ibi. 

100 
104 
100 
172 
170 
180 
184 
188 
192 
190 
200 


•I075* 

■111 

■115 

■1105 

■119 

-122 

■125 

■127 

•130 

■1326 

■135 


■0036 
■004 
•0016 
■0023 
•003 
•003 
■002 
•003 
■D02S 
-0025 


Exr. V. 

No. 8. 

I 

Wdghl. 
IT lb*. Ifloz. 


4 
11 
12 
18 
20 
24 
28 
32 
3(1 
40 
44 
49 
52 
56 
60 
64 
68 
72 
76 
80 


■003 
■007 
■010 
013 
■010 
■020 
■0235 
■020 
•020 
■032 
•036 
■0375 
■040 
■042 
•0446 
■047 
■060 
•0525 
■055 
■058 


■004 
■003 
■003 
■003 
■004 
■0035 
•0025 
■003 
■003 
■003 
■0025 
•0025 
•002 
■0025 
■0025 
•003 
■0025 
■00-25 
■003 
■00'25 


84 
88 
0-2 
00 
100 
104 
108 
112 
116 
120 
124 
1-28 
132 
130 
140 
I4J 
148 
152 
156 
100 


■0005 

■wr> 

■000 
■068 
•070 
•073 
■070 
■07H 
■081 
•084 
■085 
■0675 
■080 
■0915 
■095 
■0975 
■!00 
■102 
•104 
■100* 


•0015 

■004 

■002 

■002 

■003 

■003 

■002 

■003 

■003 

■001 

■0023 

•0015 

■0025 

■0036 

■0025 

■0025 

■002 

■002 

■O02 

■0035 


104 
108 
172 
176 
IBO 
184 
188 
192 
196 
200 
210 
224 
238 
252 
200 
280 
294 
308 
322 
330 




1095 
113 
116 
117 
120 
123 
125 
128 
131 
134 
137 
144 
152 
161 
171 
181 
100 
200 
210 
■220 


■0035 
■002 
■002 
■003 
■003 
■002 
■003 
■003 
■003 
■003 
■007 
■008 
•009 
■010 
■010 
■009 
-010 
■010 
■010 
■010 


350 
304 
378 
302 
406 
420 
434 
448 
402 
470 
400 
504 
518 
532 
640 


:1S ■">» 

■251 "" 

o™ ■Oil 

il, ■»» 
Zt ■"" 

S i 

Broke. 


No. 9. 

I 

Wdght. 

ieii»r*or. 


4 
8 
12 
10 
20 
24 
28 
33 
30 
40 
44 
4» 
52 
66 


■002 
■006 
■008 
■Oil 
■014 
•017 
■020 
■023 
■025 
■028 
■0305 
•033 
•036 
■038 


■003 
■003 
■003 
■003 
1103 
■003 
■003 
•002 
-003 
■UU25 
■0025 
•003 
■002 
■002 


00 
64 
08 
72 
70 
«0 
84 
88 
92 
(10 
100 
104 
108 
112 


■040 
■043 
•0455 
■0485 
■051 
■0635 
■056 
■050 
■0615 
■004 
■067 
■070 
■072 
•075 


■003 

■oo^ia 

•003 
•0025 
•0025 
■0025 
■003 
•0025 
■00-25 
■003 
■003 
■002 
■003 
■003 


116 
120 
1-24 
128 
132 
13ft 
140 
144 
148 
152 
156 
100 
104 
108 


■078 

■0805 

■083 

■080 

■089 

■001 

■094 

■«)7 

■100 

■103 

■1055 

■107* 

■110 

■1125 


■0025 

■0025 

-003 

■003 

■002 

■003 

■003 

■003 

■003 

■0025 

■0016 

■003 

•0025 

■0015 


172 
170 
180 
184 
188 
192 
100 
200 


■114 

■no 

■ll«6 
■121 
■123 
■120 
■128 
■131 




002 
0025 
0025 
002 
003 
002 
003 
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S 5- 


DeH«v 

tioni. 


Differ. 


ft 


Defl«. 

lions. 


Difftr- 


it 


Defiec 


cncd. 


li 


Deflec- 

lioni. 


DLffer- 


Exp. VI. 

No. 10. 

T 

Weight, 
ITIb>.Boi. 


ibi, 
4 
8 

12 

le 

20 
24 
28 
32 
36 
40 
44 
48 
62 
56 
60 
64 
68 


•0015 
-004 
■007 
■00D5 
■012 
■015 
■0175 
■019 
■022 
■025 
■028 
■031 
■033 
■036 
■030 
■041 
■0435 


■0025 
■003 
•0025 
■0025 
■003 
•0026 
■0016 
■003 
■003 
■003 
•003 
■002 
-003 
■003 
-002 
■0025 
■003 


lbs. 

72 
70 
80 
84 
88 
02 
90 
100 
104 
108 
112 
110 
120 
124 
128 
132 
130 


■0406 
■0495 
■052 
-055 
■058 
■OG05 
■003 
■066 
■0G8 
■070 
■073 
■076 
■078 
■OIU 
■084 
•0»7 
■Olio 


■003 
■0025 
■003 
■003 
•0025 
-0023 
■003 
■002 
■002 
■003 
■003 
-002 
■003 
■003 
■003 
■003 
■0025 


lbs. 

140 
144 
148 
162 
160 
100 
104 
108 
172 
176 
180 
184 
188 
193 
190 
200 
210 


-0925 

•096 

■098 

■101 

■104" 

■107 

•no 

■1135 
■116 
■119 
■123 
-1-25 
■1275 
■131 
■1336 
■137* 
■142 


■0026 
■003 
-003 
-003 
-003 
-003 
■0035 
■0025 
■003 
■004 
-002 
■0025 
■0035 
-00-26 
-O0'J5 
■005 

-(M)y 


ib». 

224 
238 
252 
200 
280 
2B4 


"f 0116 

■Z ■»» 

Broke. 


No. 11. 

T 

Wdghi, 
171bi. Ooz. 


4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
62 
58 
60 


■0015 
•005 
•008 
■Oil 
■014 
■017 
■021 
■024 
■0275 
-0305 
-0336 
■037 
■040 
-043 
-0455 


■0035 
■003 
-003 
■003 
■003 
•004 
■003 
■0035 
-003 
■003 
■0035 
■003 
■003 
■0025 
■003 


04 
OH 
72 
70 
80 
84 
88 
92 

100 
104 
1011 
112 
U6 
120 


■0485 
■0.316 
■0546 
■0375 
■001 
■064 
■067 
■070 
■074 
•077 
■OBO 
■083 
■085 
■089 
■0R23 


■003 
■003 
'003 

■ooa6 

■003 
■003 
■003 
■004 

■003 

■m)3 

■003 
■002 
•004 
■0035 
■003 


1-24 
128 
132 
130 
140 
144 
14t 
152 
156 
ICO 
KM 
108 
172 
176 
180 


■00.J5 

■09R 

■101 

•1066 

■108 

■1125 

■115 

■118 

-123 

■126 

•129 

■134 

■137 

■140 

-144 


■0023 
■003 
■0045 
■0025 
■0045 
■0023 
■003 
■003 
■003 
■003 
005 
■003 
■003 
■004 
-003 


184 
188 
19-2 
196 
200 


■147 
■150 
■153 
166 
■16B 


■003 
■003 
■003 
■003 


Es 

I 

1 
» 


p. V 

0. IS 

figh 

b>.4 


11. 

I. 


28 
4-2 
56 
70 
84 

112 
120 
140 
154 
lOB 
182 


•003 

■0045 

■0005 

■008 

■010 

■012 

-014 

-0165 

■0175 

■0185 

•021 

■023 

■0-245 


-0015 

■00-2 

•0015 

■002 

■002 

■002 

■0015 

-002 

■002 

■0015 

■002 

-0015 

■0025 


210 
224 
238 
252 
200 
280 
■294 
308 
322 
330 
350 
304 
378 


•027 

■0'29 

■031 

■0325 

■0346 

■036 

■038 

■040 

•0426 

■045 

■0475 

■0496 

■051 


■002 
■002 
■0015 
■002 
•0015 
■002 
■002 
■0026 
-0025 
-0023 
■002 
■0015 
-0026 


392 0635 
400 ^066 
420 -068 
434 ■OOO 
448 0625 
462 -0645 
470 007 

490 ■oog 

504 072 
628 ■0736 
632 -0765 
540 ^078 

660 ■oeo 


■0015 

■003 

•002 

■0025 

■002 

■0026 

■002 

■003 

■0015 

■002 

■0025 

■002 

■0025 


674 
600 
002 


•0823» 

-085 

■088 


■0025 
■003 
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89 


■ 

Voigh 

hi.* 




H 


Deft«> 

(ioQi. 


DiSer. 


H 

168 
182 
106 
210 
224 
238 
262 
260 
280 
2U4 
308 


Defl«. 


Diffcr- 


II 

Ibi. 
322 
336 
360 
364 
378 
392 
400 
420 
434 
448 
462 


Drfl«- 


Differ- 
encel. 


fi 


Defltt. 


Differ. 


14 
20 
42 
M 
70 
84 

m 
lis 

126 
140 
IM 


■002o 

■003 

■0006 

•009 

■Oil 

■0135 

■Olfi 

■017 

■OIH 

■0215 

-0235 


■0025 

■0015 

•0025 

■002 

■0025 

■0016 

•002 

-002 

■0026 

■002 

•00-2 


-0265 

-0276 

■0295 

■03 1 

•083 

•035 

■037 

■039 

•041 

•0436 

■045 


■002 
■002 
■0015 
■002 
•002 
■002 
■002 
■002 
■0025 
■0015 
■0015 


■0405 

-049 

■051 

■053 

■0545 

050 

•0576 

•0595 

■061 

■0G3 

•065 


■0025 
■002 
■002 
0015 
■0015 
■0016 
■002 
■0015 
■002 
•002 
■002 


ib>. 

476 
490 
604 
510 
632 
546 
560 
574 
588 
602 


■067 
■069 
■071 
■073 
■076 
■077 
■079 
■081' 
■083 
•085 


■002 
■002 
■002 
■O02 
-002 
•002 
■002 
■002 
•002 


E...m.N'.l*. 

w 

ei Ibt. * nr. 


4 
8 
12 
16 


■009 
■018 
■027 
■036 


•009 
■000 
■009 
■009 


20 
24 
28 
32 


■046 
•054 
•063 
■073 


■009 
•009 
•010 
■012 


30 
40 
44 
48 


■085 
■006 
■106 
-117' 


■010 

■on 
■oil 
■on 


52 
66 


■128 
-141 


-013 


No. IS. 


4 

B 
12 
16 
20 
24 
28 


■008 
■016 
■024 
■032 
■040 
■048 
■058 


•008 
•008 
•008 
•008 

■ooa 

•010 
■010 


32 
36 
40 
44 
48 
62 
66 


■068 
■079 
^090 
■101 
■112* 
-123 
■136 


■Oil 

■on 
■on 

■OIL 

■ou 

■013 
•012 


60 
04 
68 
72 
76 
80 
84 


■140 
■160 
■172 
■184 
■196 
■210 
■222 


■012 
■012 
■012 
•012 
■014 
■012 
-012 


88 
02 
90 
100 
104 
108 
11-2 


Broke. 


Wright. 


Exp, IX. 

No. 18. 

A 

Weigbl, 


2 
4 
6 
6 
10 
12 
14 
16 


■004 
■008 
■012 
■015 
■019 
■023 
•028 
■031 


■004 
■004 
■003 
•004 
■004 
-006 
■003 
■004 


18 
20 
22 
24 
26 
28 
30 
32 


■035 
'030 
■043 
■047 
•051 
•055 
■0595 
-063 


•004 
■004 
■004 
■004 
■004 
■0045 
•0035 
■004 


34 
36 
38 
40 
42 
44 
46 
48 


■067 
■0715 
-075 
■080 
■085 
■000 
■095 
-090 


■0045 
■0035 

-005 
■005 
■006 
•004 
■004 


60 
52 
64 
66 
68 
GO 


•103 
■106* 
■100 
■H3 
■118 
■1-22 


■003 
■003 
.004 
•005 
■004 


No. 17. 

▲ 

Wright, 


2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
20 
28 
30 
32 


■004 

■008 

■012 

■018 

•020 

•024 

■028 

■032 

•036 

-041 

■0455 

■0485 

■054 

■068 

■0623 

■067 


•004 

•004 

■004 

•004 

■OO-l 

■004 

-004 

-004 

■005 

•0045 

•0040 

■0046 

■004 

■0045 

-0046 

•005 


34 
36 
38 
40 
42 
44 
46 
48 
60 
52 
64 
66 
58 
60 
04 
68 


•072 
■077 
■082 
■087 
■092 
-097 
■102 
•106 
■110 
-115* 
-120 
■126 
■129 
■133 
■140 
•147 


■005 
■005 
■005 
-005 
•005 
■005 
■004 
■004 
■005 
•005 
■005 
■004 
■004 
■007 
■007 
■008 


72 
70 
80 
84 
88 
92 
96 
100 
104 
108 
112 
IK 
1-20 
124 
128 
132 


■165 
■163 
■171 
■170 
■188 
-195 
■205 
•214 
■223 
■232 
■240 
■240 
■267 
■266 
■274 
-282 


■008 
■008 
■008 
-009 
■O07 
■010 
■009 
■009 
■009 
■008 
■009 
•008 
■008 
■009 
■008 
•009 


136 
140 
144 
148 
152 
160 
160 
164 

172 
176 
180 
184 
188 
192 


■291 
■209 
■308 
■316 
•324 
■333 
■341 
■350 
-358 
■367 
•377 
■388 
■398 
400 
Br 


■008 
•009 
■008 
■008 
■000 
■008 

■ooo 
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■009 
•010 
■Oil 
■010 
•002 
ke. 



MB. F. BBAUAJl'g EXPERIMENTS ON 
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■042 

■047 
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■0045 
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■006 
■005 
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■0045 
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32 
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40 
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44 
40 
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60 
52 
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•070 
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■080 
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■101 
•106 
■111* 
■110 
■121 
■120 
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■005 
■005 
■005 
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■006 
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■006 
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•005 
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■148 
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■173 
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•197 
•203 
■209 
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■007 
■006 
■005 
■006 
■006 
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■006 
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■006 
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106 
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■240 
•247 
■234 
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■268 
■273 
■282 
•280 
■290 
■303 
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•006 
■006 
■007 
•007 
■007 
•007 
•007 
■007 
■007 
■007 
■007 
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2 
4 

a 
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10 
12 
14 
16 
18 
20 
22 
24 
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30 
32 
34 
30 
3K 
40 


■004 
■(107 
■010 
■0135 

■on 

•021 
■OSS 
■0805 
■03d 
■030 
■043 
■047 
■061 
■055 
■059 
-064 
■Ofiil 
■074 
■07» 
■084 


-003 
■003 
■0035 
•0035 
■004 
■006 
■0045 
■0045 
■004 
■004 
■004 
■004 
-004 
■004 
-005 
■006 
■005 
■01)6 
■0()5 
■006 


42 
44 
40 
48 
60 
52 
64 
50 
58 
60 
62 
04 
6S 
08 
71) 
72 
74 
76 
78 
80 


■089 
■084 

■oy75 

■101' 
•105 
■100 
•il3 
•117 
•120 

■lao 

■130 
■135 
■140 
■140 
■161 
■157 
■103 
■lOB 
■173 
•179 


■005 
■0036 
■0035 
-004 
■004 
■004 
■004 
■0035 
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■005 
•005 
■000 
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-006 
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•005 
■006 
■006 
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92 
94 
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100 
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104 
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108 
110 
112 
114 
110 
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■184 
■190 
■100 
•202 
•208 
•214 
•220 
■226 
•232 
■230 
■244 
■260 
•250 
■262 
■209 
■275 
"J81 
■287 
■3)3 
■300 


■006 
■006 
■006 
■006 
■000 
■000 
■000 

■ooo 

■0()0 
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■006 
■000 
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■007 
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■006 
■006 
■007 
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38 
40 
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44 
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48 
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62 
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■U576 
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■071 
■0746 
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52 
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■070 
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■0775 

■0«1 

■085 
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■004 
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■004 
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■004 
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■004 
■004 
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64 
56 
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02 
64 
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08 
70 
72 
74 
76 
78 
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-1-28 
-133 
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■014 
■017 
•020 
■02-25 
■025 
•0275 
■030 


■002 
■00-2 
■IM)3 
■002 
■003 
■OOS 
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■0025 
■0O25 
•0025 
-0025 
■0025 


52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
02 
06 


-03-25 
■035 
■0375 
-040 
-0426 
■045 
■0475 
■060 
■052 
•055 
■0575 
■060 


■0025 
■0025 
■0025 
■0025 
-0025 
■0025 
■0025 
■002 
•003 
■0025 
■0025 
•002 


10( 
104 
108 
U2 
116 
120 
124 
128 
132 
130 
140 
144 


■0625 

■005 

■Wi76 

•070" 

■073 

■070 

■070 

•0826 

■080 

■OHO 

•002 

■005 


■0O25 
•00^26 
■00-25 
■003 
■003 
■003 
■0035 
■0035 
•003 
■003 
■003 
■IK)3 
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im 
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168 
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176 
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184 
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N 

■ 
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4 
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12 

16 
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24 
SB 
32 
36 
40 
44 
48 
52 
66 
60 
64 
68 
13 
76 
80 
84 
8B 
02 
06 
100 


■0025 

•006 

•0076 

•010 

•01-25 

-015 

•0175 

•020 

-0225 

■025 

■028 

•031 

•034 

•037 

•040 

•0425 

■046 

■0475 

■050 

•0525 

■065 

•0575 

•060 

•063 

•060 


■0025 

■00-25 

■0025 

■00-25 

•0026 

•00-25 

■002.5 

■0025 

-00^25 

■003 

■003 

•003 

■003 

■003 

•0025 

•0026 

■00-25 

•0025 

■0025 

•0025 

•0025 

•0025 

■003 

■003 

•003 


104 
108 
112 
116 
120 
124 
12H 
132 
136 
140 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
102 
106 
200 


■060 

■072 

•075» 

■077 

■070 

■081 

■083 

■086 

■080 

■002 

■005 

■000 

■101 

■104 

■107 

■110 

■113 

■116 

•110 

■122 

-125 

■128 

■131 

■134 

-137 


■003 
■003 
■002 
■002 
■002 
•002 
•003 
■003 
■003 
■003 
■003 
■003 
•003 
•003 
■003 
■003 
■003 
■003 
•003 
•003 
■003 
■003 
■003 
•003 
■003 


204 
208 
212 
216 
220 
224 
22b 
232 
236 
240 
244 
248 
252 
2-iO 
260 
264 
268 
272 
270 
280 
284 
288 
202 
206 
300 


■140 
■143 
■146 
■150 
■153 
■l.iO 
-160 
■163 
■106 
■170 
■173 
■170 
■170 
■182 
■180 
■100 
•103 
■106 
•100 
•202 
■205 
■208 
■211 
■215 
■218 


■003 
■003 
■004 
■003 
•003 
■004 
■003 
■003 
■004 
■003 
■003 
■003 
■003 
■004 
■004 
■003 
■003 
■003 
■003 
■003 
■003 
■003 
■004 
■003 
■003 


304 
308 
312 
316 
320 
324 
328 
332 
336 
340 
■M4 
348 
362 
356 
360 
304 
368 
372 
376 
300 
384 
388 
302 
306 
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■221 
■2-24 
■227 
■230 
■2326 
■235 
•230 
•242 
■245 
■240 
■253 
•256 
■259 
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■275 
■278 
■282 
-286 
■280 
■202 
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■004 

■003 

■003 
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HB. F. BRAHAH'S experiments ON 
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■020 
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■004 
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■004 
■004 
■004 
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THE STRENGTH OF CAST IRON. 



DESCRIPTION OF THE PLATES. 



Is the testing machine in which the experiments were made. Fig. 1 is a 
front elevation; Fig. 2, an end elevation or proiile; and Fig. 3, a plan of the 
machbie. In all of which A is the bed upon which the tested beam rests, and 
to which all the apparatus for applying the straining force as well as indicat- 
ing its effects are fixed; B, B, are two standards or brackets bolted securely to 
the flooring or other convenient fixing ; C, is the main lever through which the 
force was apphed to the beams, connected to the bed A by links DD, its me- 
chanical advantage being 12 to 1 ; E, the index plate, graduated to lOOOths of 
an inch, and connected with the beam by the intervening lever F under the bed 
A and the adjusting rod G, the end of the lever F being connected to the axis 
of the index E by a fine silk thread, and its weight counterbalanced ; H, a scale 
in which the weights were placed; KK, counterweights to relieve the machine 
of the efl'ect of the lever and scale ; L, a rope by which the load can be re- 
lieved at pleasure to ascertain the eflFect of the load upon the beam ; M, the 
beam experimented upon. 



PLATES XI. AND XII. 

Contain the several beams used in the experiments ; shewing the sections 
taken at the point of fracture; and the sections taken at the centre of the 
length of each specimen, or at the line AB. On comparing the position of the 
beams, as shewn by the sections, with the position as shewn by the section in 
the first column of the tabulated results, the peculiar circumstances of each ex- 
periment will be ascertamed. The dark spots on the sections at the point of 
fracture, represent air buljbles or imperfections in the casting, and the dark 
lines across the beams the lines of fracture. The position of these, in some of 
the open beams, is very remarkable. 



XII.— 0« certain Forms (f Ltocomofice Enifhies. By Edward Tfooos. 



Amongst the causes which contributed to the success of the earlier experiments 
in locomotion upon the Liverpool and Manchester Railway, the method of 
generating steam deserves the most prominent place. The chamber or fire- 
place, containing a large mass of fuel surrounded on every side by water, 
with its appendage of tubes, or small flues disposed in the interior of the 
boiler, and exposing a large surface to contact of the heated air, was well 
calculated to turn to good account whatever heat the fuel during its combustion 
might produce. 

It is however by no means Improbable that this ingenious contrivance 
would have failed in securing the end proposed, and would perhaps even 
have been abandoned, but for the judicious application of a discovery, then 
only recently made, the practicability of producing a strong artificial draught 
of air through the fire, with facility and economy, by the exhausting power 
of a jet of waste steam directed upwards into the chimney. 

The powers of the arrangement as thus combined, were attested by a 
very rapid generation of steam, and by the consequent attainment of a speed of 
travelling nearly threefold greater than any previous system had accomplished. 

It is therefore less a matter for surprise that few attempts should have 
been made to improve upon so simple and effective a form of boiler, whilst 
material variations were taking place in the outward plan and disposition of the 
machinery. 

Under the hands of different builders of locomotive engines for rail- 
ways, the boilers have been subject to various slight modifications ; but, 
whether fire boxes have been constructed of iron or of copper, whether square 
with stays, or round without stays, whether the tubes have been more or less 
in number, of larger or smaller size, or of different material, the combination of 
both, as it existed in the earliest engines, has been adopted on every line of 
railway where the transport of iiassengers is a primary object. 

The case has been otherwise with the machinery destined to render available 
the resources which the boiler bo abundantly provides ; and builders, actuated" 
by caprice and the desire of differing from competitors, or more laudably 
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influenced by the indications of experience, or by some happy effort of their own 
ingenuity, have departed widely from the first models submitted for their 
imitation. 

Many crude schemes have successively appeared before the public, and 
have been deservedly rejected ; many useful applications have withstood the 
test of time, and remained embodied in the machines to whose utihty they 
have subserved. But although practical and scientific men are as equally agreed 
in condemning some inventions, as they are in approving others, there exists 
a class of forms, resj>ecting the individuals of which, a great and reasonable 
dift'erence of opinion is still entertained. 

It is proposed in the present paper to state, with regard to a few of such 
forms, some results which the working of the Liverpool and Manchester line 
has afforded, and to consider what general arrangements of the parts of the loco- 
motive engine are most conducive to its efficiency and durability, under the 
requirements of a railway intended for the transport of heavy loads at high 
speeds. The leading features into which a discussion upon the subject may 
with propriety resolve itself, bear reference to the relative superiority of — 

Engines with four and with six wheels ; 

Engines with inside and with outside framings ; 

Engines with crank axles and with outside crank pins ; 

Engines coupled and micoupled ; and the forms arising out of different com- 
binations of these with each other. 



ENGINES WITH FOUR OR WITH SIX WHEELS AND INSIDE OR OUTSIDE 
FRAMINGS. 

The engines at first introduced upon the Liverpool and Manchester line of 
railway were found to be much too slightly constructed for sustaining the 
shocks and strains to which their high velocities, and the inequalities of the 
road, continually exposed them ; so that after a service short in its duration, but 
actually and unexpectedly great in respect of the distances travelled, each in- 
dividual engine required and underwent a thorough and general repair. The 
nature of such repair consisted principally, at least as far as mechanical causes 
contributed to deteriorate the machine, in the substitution of greater strength 
and more approved forms of material, with a disposition and mode of connection 
of the parts, better adapted to resist frequently repeated and periodical con- 
aussiODS. 
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Thus the outer and inner framings were stayed in various directions ; 
wooden wheels were replaced with iron ones ; crank axles were constructed 
with almost double the original quantity of material ; pistons, piston-rods, 
connecting rods and brasses were proportionally strengthened, until, finally, 
little remained of the old engine but its boiler and cylinders. 

Such extensive alterations naturally occasioned a considerable addition to 
the >'eight, and it was found accordingly, that the engines first operated upon, 
built after the form of tlie " Rocket," and originally weighing from four and a 
half to five tons, became at least two tons and a half heavier than before ; 
whilst others subsequently introduced, and known under the denomination of 
the " Planet" class, were increased in nearly the same proportion, arriving 
ultimately at no less than ten tons. 

However conducive to the durability of the engine these alterations might 
prove, the effect of greater weight moving upon the road, could not be other- 
wise than highly prejudicial. The road was in fact formed of rails intended 
to support a moving mass of not exceeding four tons and a half distributed 
upon four wheels. 

Indeed the terms prescribed in the competition for the premium publicly 
offered in 1829, shortly before the opening of the railway, required of the 
builder or inventor who proposed to submit his engine for trial, that it should 
be supported upon not less than sir wheels, if the weight exceeded four and a 
half, or fell short ai six tons ; six tons, inclusive of the complement of coke and 
water, being the extreme limit allowable. 

It was soon found impracticable to maintain the road in a state of efficient 
repair, when subjected to the influence of such disproportionate weights, roll- 
ing at gi'eat speeds, and frequently acting with the full force of impact due to 
the velocity of descending deflected portions of the rails. The rails were 
seriously bent, continually becoming loose in their supports, and fi'equently 
broken. 

To return to the lighter form of engine, had it been even practicable, 
would not have been desirable ; the only alternative that remained, and of 
which the adoption was ultimately decided upon, being to relay the whole 
line with stronger rails, and in the mean time to apply precautionary measures 
to lessen the evils adverted to. Such measures were rendered indispensably 
necessary by the arrival of some engines of still greater weight than any before 
in operation. 

T 2 
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Tlie most obvious remedies were : first, to place temporary props under the 
rails between the points of support, and more especially near the ends of the 
rails ; and secondly, to add a third pair of wheels to the hind part of the 
framing of the engine. Both these expedients were extensively resorted to. 
The " Mars" and the "Atlas" first underwent the alteration, followed by the 
" Titan," " Orion," Hercules," Thunderer," " Firefly," " Planet," and others, 
engines originally provided with only four wheels. 

In the structure of engines which have cylinders within the framing, and 
consequently inside cranks, it is a necessary condition that the centre of the 
main or crank axle should be placed in a position to allow the crank and 
connecting rod ends to clear the front of the fire-box during their revolution. 
This circumstance evidently limits the distance from the crank axle to the 
centre of gravity, and causes considerably more than half the weight to rest 
upon this axle, inasmuch as the fire-box, with double casing, fuel, bars, &c., 
constituting by far the heaviest proportion of the engine within a given length, 
completely overhajigs its centre. 

From hence has resulted, during the rapid transit of engines upon an un- 
even surface, (and no railway has yet been constructed free from inequalities,) a 
continual vibratory motion in a plane perpendicular to the direction of the axles. 

Now as the effect of any downward motion in the vertical plane, or in other 
words, the amount of injury sustained reciprocally by the engine and the road, 
is expressed by the velocity which the centre of gravity has acquired in vertical 
descent, multiplied by the weight of the body, so most Injury is received 
when the wheels of the large axle pass the obstacle, because for any given 
amount of their depression or elevation, the centre of gravity falls or rises 
through a greater space. The more equally we can divide the centre of gravity 
between the bearing lines, and the larger the interval between those lines, the 
greater becomes the steadiness of the machine. Considerations of this nature 
are necessarily influenced by the general form and dimensions of the parts to be 
acted upon. 

The established form of the locomotive engine did not so much admit of 
alteration as of addition, and accordingly the third pair of wheels was placed 
behind the fire-box, to aid in its support. 

The advantages obtained were almost immediately apparent. The engine 
lost in a great degree its peculiar rocking motion, as also the unsteadiness 
arising from lateral undulations ; which latter eifeet was in like manner 
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attributable to the diminution of the angle of which the oscillations were 
susceptible. Beside such direct and immediate results, time soon developed 
further consequences of an important nature. The component parts of the 
engine remained for a much longer period than before securely united and firm, 
the fastenings of the tubes became less liable to leak and give way, and the 
bolts and stays of the framings were less disturbed. Lastly, though not of least 
importance, an inherent source of safety was superadded, in the diminished 
liability of the engine to run off the rails in the event of the large wheels or the 
crank axle breaking. Instances in which this quality has been put to the 
proof have occasionally occurred. They have invariably demonstrated the high 
importance of the application as an especial security to passengers and to the 
attendants ; and in consequence the principle introduced was not abandoned, 
even after the road had been entirely retaid with new rails, 
laiidi *i>« auuue Intimately connected with the safety of railway travelling, and 

"*"'"*■ with the mode in which the application of six wheels can be turned 
to best account, is the often agitated question of an outside framing. It cannot admit 
of doubt in the mind of any one at all conversant with the properties of machinery, 
that an axle or shaft impelled by any given power will revolve more steadily, in 
proportion as the distance is greater between the bearings, provided at the same 
time, its form be of strength sufficient to resist deflection. No bearings can be 
made, or if made, could long continue in strict mathematical adjustment with 
the axis of motion. Where the power is imiform and acting only from one 
direction, as in the case of a wheel and axle driven by a strap, or by another 
wheel, a slight deviation from truth is of comparatively small importance, and 
in fact occasions no perceptible amount of eccentricity in the motion ; but when 
the impelling power is variable in its action, and not only variable but applied 
alternately to opposite sides of the axis, the wear of bearings proceeds in a two- 
fold direction, and the want of accuracy becomes detrimental to the machine. 
Were the power (supposed acting periodically on both sides of the axle) 
constant in its nature, in so far as that at the same moment it only impelled 
the same side, the axle would simply roll to and fro in its bearings during 
such period, accompanied indeed by a slight shock at the moment of reversal, 
but preserving throughout its parallelism. The case with the locomotive 
engine is in this respect different. The axle with its double crank is urged by 
two independent forces, not operating simultaneously but periodical!}', opposed to 
each other ; and the consequence ensues, that the axle, the wheels, and 
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finally the engine itself, is thrown into a state of vibration, the angle of 
which is precisely in the inverse ratio of the distances between the bearings. 
Hence those engines whose bearings are only about four feet asunder, soon 
acquire play m the brasses, and unless frequently examined and repaired, 
become unsteady and oven unsafe when travelling at rapid speeds. 

This consideration (one as I conceive of great importance) does not im- 
mediately involve the principle of an outside framing, inasmuch as greater length 
of axle may be obtained by widening the road, but it has an indirect reference, 
when the contiguity of bearings is found objectionable, and the width of the 
way does not admit of alteration. The superior danger of the inside above 
the outside framed engine, consists in the fact, that sliould the wheel of the 
former become loose, or the axle break, the engine would almost inevitably fall 
over on its side ; whereas in the other form of engine placed under similar 
pircimistances, the wheel remains confined within the framing, tending to 
support the whole, until the attendants shall have been able to arrest the 
further progress of the train. The application of the outside framing is at- 
tended with another advantage, of which the beneficial effects are exhibited 
in imparting, when properly constructed, a degree of elasticity to the whole 
machine, tending to equalize and reduce the injurious effect of concussions 
received during motion upon an uneven plane. 
(ibj«.ton.to^. The principal objections that have been urged against six 

wheels are : — 

1st. That they have less adhesion than four-wheeled engines. 

2d. That the axle and the weight of wheels adds to the resistance, and 
consequently detracts from the available power. 

3d. That they cannot traverse curves without increased strain and friction. 

I shall offer some observations, seriatim, upon these objections. 

With regard to the first, it is perfectly true that the adhesion is less ; for 
adhesion is proportional to pressure or weight, and the same weight supported 
on four wheels must exert a greater pressure per wheel than when it rests upon 
six ; but the real question to be considered, is, whether the ratio between the 
adhesion and the power of the engine is not such as to permit the exertion of 
that full power in ordinary states of the railway and under the practical con- 
ditions of the traffic. Observations on the working of the Liverpool and Man- 
chester line since the introduction of six wheels, have convinced me of the 
present sufficiency of adhesion. On referring to the weekly returns of the 
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"late arrivals of coach trains," with their causes, durinf^ the year 1837. the 
following particulars have been extracted of all delays alleged to have arisen 
from the slipping of the engine wheels. The account stands thus : 



In S6i0 coach trains (first and second class) despatched from Liver- 
pool to Manchester, the delays by slipping have amounted 
altogether to 412 

In 3640 coach trains despatched froni Manchester to Liverpool, the 

delays by slipping have amounted altogether to . . . 792 



7380 Trains delayed. 
Averaging one-sixtti of a n 



1301 



e for each tritin on its trip of thirty miles. 



The greatest delays recorded are about 30 minutes, the least 3 minutes * ; the 
trains consisting of six or seven carriages. The time of performing the trip is one 
hour and a half for a first class, and two hours for a second class train. As the 
trips are frequently performed in less time, it is but fair to conclude that the 
actual loss of time by slipping is considerably greater than what is here 
assigned. I should imagine the real amount to be at least double. 

The cases in which trains suft'er delay by slipping form, therefore, rather 
the exception than the rule the existing inconvenience might, however, be 
almost entirely removed by coupling the wheels. 

The Liverpool and Manchester engines have undergone little alteration in 
the ratio of adhesion to power, the power having in most instances remained 
the same, the weight only being increased, and the surplus weight sustained on 
an extra support. Engines altogether new are seldom of less weight in pro- 
portion to their power than those of the older make, as the " Mars " and the 



* It may excite surprise that the delays experienced in the trips from Manchester to Liver- 
pool should exceed those of tlie trips in the contrary direction. The fact is accounted for by 
twa circumstances, which in any state of the road tend to render the times unequal. The 
station at Liverpool, from whence the locomotives start, is higher than the terminus at Man- 
chester by 43j feet. The trips from Liverpool are therefore performed on an average descent 
of 48j feet in 30 miles, and those from Manchester on an average ascent of 43^ feet in the 
same distance. The latter will be thus found to reijuire about 14 per cent, more power than the 
former for an equal load, or, in other words, the load of the engine is increased, and conse- 
quently the tendency to slip. The second circumstance alluded to is the prevalence of westerly 
winds during a great part of the year. These, by increasing the resistance to be overcome, 
occasion considerable detention in the aggregate of a year's work. 
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" Atlas." * The usual weight is about eleven tons and a half, and nearly thus 
divided : 



On the fore wheels . 

driving wheels 

hind wheels . 



4 


10 





5 








2 








11 


10 






Some engines are found frequently more subject to slip than others, although 
the weights upon the driving wheels have been the same, and the construction 
in other respects identical. This is, without doubt, to be attributed to mal- 
formation of the springs, and want of due adjustment to the weights they have 
to support. Our engine builders are remiss in their attention to the subject, 
and the springs of most new engines have to be taken in pieces and remodelled 
before they can become thoroughly serviceable. Rapidity of recoil when the 
wheel passes an obstacle is the point to be aimed at. 

To the second objection I do not attach much importance; the additional 
weight of a pair of wheels, axle, springs, and pedestals, does not exceed 12 cwt., 
and therefore on a liberal estimate cannot oppose greater resistance than ten or 
twelve pounds, equal to about ricth of the whole tractive power of the engine, 
a quantity insignificant when put in competition with any real advantage 
gained. Some portion of the power of the four-wheeled engine must be ex- 
pended in the oscillatory motion, as well as in overcoming the friction of flanges 
continually rubbing against the rail ; and such portion would, I conceive, be 
found even to overlKiIance the extra resistance of a third pair of wheels. 

The third objection, viz., the tendency to strain and the friction in ])a3sing round 
curves, and the difficulty of " taking the points," is prevented by the simple 
expedient of rendering the pedestals to the axle of the hind wheels very light 
and elastic, so that they will yield readily sidewise to an impression. For this 
purpose it is found better to use small wheels, say three feet in diameter, that 
the plates of the pedestals may be long, and the axles at a considerable distance 
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below the framing. These plates are in some instances carried up on one side 
only of the frame ; the opposite plate is turned underneath, and the whole 
acquires more flexibility. Such precautions render uncoupled six-wheeled 
engines capable of traversing safely curves of eight chains radius, at a speed of 
from 6 to 8 miles an hour ; an instance has occurred of a short curve of only 
four chains radius being passed at a slow speed. The common plan of allowing 
play in the axle journals to meet the difficulty of passing curves, appears to be 
rather prejudicial than otherwise. 

The application of the principle of elasticity should not stop at the hind 
wheels, but be in fact extended, though in a less degree, to tlie entire framing. 
In every railway, hteral as well as vertical inequalities exist, which continually 
drive the enji^ne out of the straight lino. The framing, if made pliant and 
yielding to lateral impulse, will be found to bend slightly, without disturbing 
the whole mass. The provision is, in fact, tantamount to a secondary and 
subordinate system of springs, and the engine as well as the road are less de- 
ranged, whilst at the same time an increase of available power is obtained, and 
the sjweds are consequently faster. 

Engines possessing only inside framings are evidently unsusceptible of lateral 
elasticity. Such framings are required, not merely to serve as carriages for the 
boilefy but likewise to sustain many parts of the machinery, a condition abso- 
lutely requiring inflexibility. Outside framings act simply as carriages to the 
boiler, and have no fixed connection with any other part. The machinery in 
these is attached exclusively to the boiler, and is less exposed in that position 
to casual jolts and strains. 

ENGINES WITH CRANK AXLES AND WITH OUTSIDE CRANK PINS. 



The expense attending the construction of a crank axle, and its liability to 
fracture unless made with great care and of the best materials, have induced 
some builders to prefer a form of engine in which the large wheels are propelled 
by means of crank pins outside the wheels, and admit of being fastened on to 
a straight axle. The crank axle is thus dispensed with ; the machinery is re- 
moved from under the boiler, and is consequently more accessible for examin- 
ation and repairs ; the boiler can be placed lower, rendering thereby the centre 
of gravity lower ; and the large axle can be brought several inches nearer the 
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fire-box. These advantages are of importance when they can be obtained 
without prejudice to the combined actions of the machine. In the present 
instance such is unfortunately not the case. 

When the same shaft is impelled by two separate pistons, it is usual, and in- 
deed it is most conducive to uniform motion, to place the crank pins at right angles 
to each other ; that whilst one crank is " passing the centres," the other may be 
in full action. Hence, in engines wcirked by outside crank pins on the driving 
wheels, it occurs that at certain periods of the stroke, one side of the engine is 
impelled with the full force of one cylinder, whilst the opposite side has ceased 
to be impelled by the other ; that in fact the line of pull does not coincide with 
the line of direction in which the centre of gravity of the engine is moving, 
but alternately passes from one side of it to the other during e%'ery revolution of 
the working wheels. This variation induces an eel-like side motion, and causes 
the flanges of the wheels to strike against the rails, and of course increases the 
friction. Such action has been always observed in engines of this construction, 
and is most injurious at high speeds. Being dependent on well-known 
mechanical principles, the amount of the forces producing it may be 
ascertained. 

In the following Figure, H represents the cylinder attached to the boiler or 
framing: N the piston; CD the radius of the working wheel ; AC the crank 
arm ; A B the sine of the angle made by the crank in moving from the kori- 
zoniai position. 




ff^^ 



Let steam be admitted behind the piston. Then, as the pressure is equal 
in every direction, the piston N and the cylinder H are pressed in contrary 
directions with exactly equal forces. Now if the piston be pressed in the 
direction of the arrow m, with a force P, the pin A of the crank must I 
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in the same direction with the same force *; and again, if the cylinder be pressed 
in the direction of the arrow o, with a force P, the framing of the en^e, the 
pedestals of the axle, and, in fine, the centre of the axle, must be pressed in the 
same direction and with the same force. Consequently, it is only by a differ- 
ence of effect in these two opposite forces, in virtue of a difference of leverage, 
that any load can be drawn or any motion ensue. Whatever the forces 
may be, weights may be taken to represent them, and equivalent to them. 
Therefore to the point A of the lever AD (of which D is the fulcrum) 
apply the weight P, and to the point C of the same lever apply the 
weight P. 




This arrangement will represent the relation of the two forces. If AC (the 
ane of the angle) have any value, motion must result towards the weight 
acting upon the longer arm of the lever, and the force producing motion 
must be equal to the extra weight required to be attached to C to restore the 
equilibrium. 

Let this weight = j- 

the semidiameter (CD) of the working wheel . . . =d 
And the angle through which the crank has moved from the 

horizontal line = S 

Then, in the case of an equilibrium, the radius of the crank being unity, we have 

P. {d + sme]=d. (P + 3'1 

and therefore x = P. — ; — 



In like manner it may be shewn that this is also the expression for the 

" The consideraiion of the inclination of the connecting rod, arising from its limited lengtli, 
as afTecting the force transrnitted to tlie crank, is not here entered into, as it would introduce 
complexity without sengibly influencing the result. 

V 2 



Ui 
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impelling force when steam is admitted into the opposite end of the cylinder ; 
for then 

P. {d~sm0}-d. {P-W 



and therefore x 



Tj sin ? , - 
: r. — J— , as beiore, 
a 



the force acting upon the cylinder having in this case the ascendancy. 

Hence It follows, tliat the part of the engine to which the cylinder is 
attached, is urged forwards by a force (always represented by the expression 

P. — -T-) acting in a line which passes through the centre of the piston-rod, and 
a 

aflfecting that part in a way precisely similar to what would have resulted, had 
an equal but independciU force been applied from vrifhoitf. For it is clear that 
the extra weight or force x acts in the vertical plane in which the centre lines 
of the piston rod, connecting rod, and crank pin are situate. If this plane 
coincide with that which passes through the line of direction of the centre of 
gravity, a direct impulse will be given to the engine, and no tendency will 
exist to disturb the equilibria of the parts adjacent to either side of that plane. 
But should the two planes not coincide, a disturbance will take place, greater 
or less according to the magnitude of the interval which separates them. This 
disturbance would, however, be counteracted, and the equilibrium restored, by 
applying on the opposite side of the central plane, at an equal distance, an equal 
force. A locomotive engine provided with cranks at right angles, is impelled 
by two separate forces, acting at egunl distances from the central plane. But 
these two forces, although equal to each other in the aggregate effect produced 
during one revolution of the crank, are by no means equal during every instant 
of the time in which the revolution is performed. They are, in fact, very dis- 
similar ; and it is, therefore, by their difference at any given moment that the 
engine is urged to move out of the right line. The force impelling one side of 
the engine has been shown to be 



p 

or-.. 



in which expression it will be observed that P and d are constant, sin 6 being 
alone variable ; and that consequently the forces acting upon the sides, are 
respectively as the sines of the angles, and their differetice equal to the differ- 

p 
ence of the sines multiplied by -. 
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Then 



Kor instance, put P = 5000 lbs. 

rf = 3 (the radius 

P 



crank being equal to unity). 
1666 lbs., which, multiplied by the difference of the sines, g^ves the 



ercess of force by which one side is impelled above the other. Assuming the 
crank arm on the right side of the engine to be 90° in advance of that on the 
left, we perceive that, during one revolution of the axle, the force upon the 
rigfit side has been twice equal to zero, whilst that upon the left has been at a 
maximum, or 1666 lbs., and that the force upon the left side has been twice 
equal to zero, whilst that upon the right side has been at a maximiun. 

It remains to explain what amount of side pressure is conveyed to the 
wheels under these circumstances. For this purpose it may be first assumed 
that the en^ne is placed upon a perfectly level plane, and is free to move side- 
wise without friction. 

Let W = the tractive power exerted. 

o = the force given out by one cylinder at some assigned moment, 
o + 5 = the force given out by the other cylinder at the same moment, 
r = the distance between the central plane and the plane which passes 
through the axis of the cylinder, piston rod, &c., (both planes 
being vertical and parallel to each other.) 
s = distance from the centre of gravity to the hind axle, 
«' = ditto from ditto to the fore axle. 
Then, in the case of an equilibrium, we have 

W = a + a + A. 
a and a being equal, and acting at equal distances from the central plane, will 
not tend to produce side motion ; the unbalanced force 6 will alone have that 
effect, and will cause the en^ne to turn about its centre of gravity. Let this 
tendency to turn be resisted by a force w, applied at right angles to the engine 
at a point opposite the centre of the hind axle ; and by a force w\ applied in a 
similar manner, but on the other side, at a point opposite the centre of the fore 
axle. Then when there is an equilibrium, 



also, w's'—ws\ 
therefore, br — 2«j*, 
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whence, 



Suppose ^ = 1666 lbs.; r = S feet; s=l foot; s'=5 feet; then w, or the side 
pressure upoo the hind wheel, is 2499 lbs. ; and to, or the side pressure upon 
the fore wheel, is 499 lbs. 

The side pressure is resisted by the adhesion existing between the surfaces of 
the rail and wheel by the conical shape usually given to the tire, but especially 
by the flanges of the wheels. As in practice it is necessary to allow of some 
play between the flange and the side of the rail, a prejudicial swinging motion 
must arise. The nearer the cranks are brought to the centre of the engine, the 
more steady will its motion become ; and when the line of application of the 
power coincides with the vertical plane of the centre of gravity, (as would be 
the case were the crank in the middle of the axle,) the force producing side 
motion altogether disappears. 

On these grounds, outside cranks are undesirable, not only as tending, by 
the irregular motion they produce, to injure the wheels and axles, and to oppose 
considerable resistance to forward motion, but also as likely to prove injurioxis 
to the road. But outside cranks, in themselves objectionable, involve outside 
cylinders, and thence arises another reason for their rejection. Serious incon- 
venience must frequently arise from having the cylinders so directly exposed to ■ 
the shocks and blows which their external position in the framing renders them 
liable to receive. In cases of serious collision, the front part of the framing is 
often broken. When the cylinders are inside, they are protected and sustain 
little or no damage. With outside cylinders the consequences have been more 
disastrous. The cylinders have been broken, and the adjustments of the ma- 
chinery disturbed, to a degree which has required much time and labour to 
repair. To withstand the strains produced by the reciprocating action of the 
pistons, and the minor blows of daily occurrence, a strength of framing much 
greater than that of any inside cylinder engine is found necessary. 
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COUPLED AND UNCOUPLED ENGINES. 



The unfounded apprehension entertained at an earlier, though comparatively 
recent, period in the history of locomotion, that engines would be unahle to 
advance with any considerable load, without some niecbanical contrivance ibr 
promoting adhesion or resistance between the w^heel and the rail, has now been 
removed; the simple force of adhesion between the clean surfaces of iron 
having been found sufficient to resist the power applied to the driving wheels 
for effecting forward motion. 

The force of adhesion, when the surfaces are in a clean state, (either tho- 
roughly wet or thoroughly dry,) equals at least one-fifth of the insistent pressure. 
Under such circumstances, an engine, the weight upon whose driving wheels is 
Jim lo7is, would exert a tractive power ot mietmi, or 2240 lbs. without slipping; 
in other words, would draw a load of 250 tons upon a level railway. A 
favourable state of the road is, however, far from being constantly obtainable. 
In a damp atmosphere the rails are often partially wet without sufficient 
moisture to wash them clean, and the adhesion may be reduced from one fifth 
to one twenty-fifth of the insistent weight, and the engine may become unable 
to advance without 3li])ping, with a load equal to more than one fifth of what 
may be considered its maximum. The usual load of a passenger train on the 
Liverpool and Manchester line seldom amounts to more than one third or one 
fourth of what the engine is able to draw at a slow speed upon any portion of 
the road ; (with the exception of the incline of 1 in 96 ; ) the jrower, as esti- 
mated merely by the dimensions of the cylinder, crank, and wheels, and by the 
full pressure of steam being three or four times greater than the resistance to be 
overcome. The question of speed bears no reference to the power thus con- 
sidered, being solely dependent upon the rate at which steam of the required 
elasticity ia generated. The adhesion, therefore, does not often prove less than 
sufficient for such trains, and it is on this account that the delays of passenger 
tTEuns by the slipping of the engine-wheels are comparatively trifling. Upon 
railways whose gradients are less favourable, or the loads heavier, the incon- 
venience from slipping may be expected to be increased. The application of 
a convenient and safe method of coupling would in these cases be very de- 
sirable. 

In the transport of merchandize, the difference between a speed of 16 and 35 
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miles per hour is not of much object, and the slower rate is adopted as being on 
every account more economical. The engine being now able to take a heavier 
load, obviously and indispensably requires more adhesion. Luggage engines, 
and those that assist at the inclined planes, have therefore been provided with 
the means of coupling the wheels, or of rendering the whole (or nearly the 
whole) weight of the engine available in producing adliesion. For this purpose, 
the fore wheels and the driving wheels are made of equal diameter, and both 
pairs are so united by outside connecting rods that the one cannot turn inde- 
pendently of the other. This arrangement is simple, and on the whole very 
effective, but is nevertheless open to objections, which especially render its 
application to passenger engines unsafe. 

1. There arises frequently great extra friction from strains, occasioned by 
unequal wearing of the wheel tires, and from want of proper adjustments in 
the connecting rods, 

2. There is considerable difficulty in passing round sharp curves. 

3. There is risk of the connecting rods breaking. Such accidents are not of 
uncommon occurrence. Engines have been occasionally thrown off the rails by 
the end of the connecting rod striking the groimd. 

4. High speeds are very liable to derange the connecting rods, and are 
therefore unsafe. 

5. A coupled engine when it slips is subject to a very violent side motion, 
and a great strain is throvra upon the wheels, the outside cranks, and the rods. 

6. In a clean state of tlie road the connectmg rods are not wanted, and only 
act as an incumbrance. 

7. The fore wheels being of equal diameter with the driving wheels, the 
piston rod must work under the fore axle ; the C3-Iinders are then placed lower 
and in an inclined position. The weight of the fore wheels is likewise increased. 

A mode of coupling, the invention of Mr. Melling, of this railway, has be^ 
applied successfully during the last year and a half upon the " Firefly " engine, 
which promises to remove the preceding objections, and is therefore peculiarly 
adapted to passenger engines. Whether this plan may as effectually prevent 
slipping as that now in common use, is a point which perhaps still remains to 
be decided ; but that it is effective in a great degree cannot be denied. Having 
had occasion to make several experiments bearing upon the subject, I shall 
give a brief outline of the results. 

The apparatus consists of a small independent wheel, which can be pressed 
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downwards, with considerable force, between the outer rims or tires of the 
driving and the fore wheels, and consequently can be made to transmit to the 
rim of the fore wheel the power given out at the rim of the driving wheel. 
The requisite force is obtained by opening a communication between the boiler 
and a small cylinder, the piston of which, w^ith the assistance of suitable levers, 
is made to press the coupling wheels downwards. 

Adhesion between the wheel and the rail is obviously proportional to the 
weight which exerts its pressure upon the two surfaces. When the rails are in 
a dry state, tlje weight upon the driving wheels produces adhesion sufficient to 
enable an engine to advance with a maximum load without slipping ; but a 
slight greasy moisture diminishes the adhesion, and the wheels slip without 
advancing. 

Under the last mentioned circumstances, the driving wheels alone of an 
uncoupled engine can slip, and no benefit would accrue from the weight sus- 
tained by the fore wheels. On the other hand, the driving wheels of an engine 
coupled with connecting rods cannot slip without at the same time causing the 
fore wheels to revolve. In this case the full benefit of the weight upon the 
fore wheels is obtained. It will, then, be evident that the method of coupling 
by a " contact " wheel, can only produce the extra adhesion in virtue of a 
transmission of the power from the driving wheel to the fore wheel, through 
the medium of the resistance opposed to the friction of iron sliding upon iron at 
the surface of the small coupling wheel. Such resistance, when the surfaces in 
contact are clean, is known to be very great, and would be sufficient to turn the 
fore wheels were they resting upon a slippery rail. But the greasiness of the 
rail is in some measure transferred to the wheel itself, and necessarily diminishes 
the adhesion of the coupling wheel. It might then be expected, that, whilst 
this wheel would in every case increase the total adhesion, it still would not 
exert a degree of power capable of overcoming the adhesion between the fore 
fl'heels and the rails. However, on reversing the engine suddenly, and apply- 
ing the coupling wheel, I have frequently observed the fore wheels completely 
locked and sliding upon the rails. The following experiments were made with 
the view of ascertaining roughly, what difference in the amount of slipping the 
removal of the coupling wheel would produce, under equal conditions of load. 
The load assigned to the engine was that of pulling its tender with all the 
wheels locked. A slippery part of the road was chosen, and two stakes were 
there driven into the ground, 320 yards asunder. Proper counters were also 
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attached to the wheels for registering the number of revolutions. The engine 
being brought opposite to one of the stakes, the regulator was opened to its full 
extent. 

ExPER. 1. Coupling wheel in action. 

Large wheels made 92 revdulions. 

Small ditto 87 ditto. 

ExPER. 2. Coupling wheel not in action. 
Large wheels made 136 revolutions. 
Small ditto 87 ditto. 

ExpER. 3. Coupling wheel in acHon. 

Large wheels made 65 revolutions. 
Small ditto 85 ditto. 

ExPEE. 4. Coupling wheel fiot in action. 
Large wheels made 337 revolutions. 
Small ditto 85 ditto. 

Had the driving wheels not slipped, they would have made only 59 revo- 
lutions in the 320 yards ; so that in the 

1st experiment 33 revolutions were slipped. 
2d ditto 77 ditto ditto. 

3d ditto 6 ditto ditto. 

4th ditto 278 ditto ditto. 

The first and third experiments, being those in which the wheel was applied, 
are evidently the most favourable. 

By this method wheels can be coupled whatever be their respective dia- 
meters, under the condition, which must obtain in every locomotive, of an 
equality of velocity in the revolving surfaces. The coupling wheel is under 
the entire control of the engine-man, and can be applied or removed at pleasure, 
without the necessity of stopping or even checking the motion of the engine. 
It is, however, subject to one mechanical imperfection. The tires of the 
engine wheels are conical, and therefore admit of connection only by the 
frustrum of a cone whose apex points in an opposite direction. Hence the 
outer edge of the tire iron revolves with a less velocity than the inner edge, 
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whilst the relative velocities of the outer and inner edges of the coupling 
wheel are precisely reversed. A perfect contact between the two surfaces 
throughout their entire width would occasion much friction by the sliding 
of the parts upon each other, and indeed would be otherwise objectionable 
on the ground of lessenmg adhesion, experience having well estabhshed the 
doctrine, that the narrower the bearing surface, the greater is the adhesion 
under equal pressures. 

It became an interesting matter of inquiry to ascertain the amount of 
impeding friction produced by the full application of the coupling wheel, 
to determine what proportion of the usefid effect of the engine would be 
absorbed. A set of experiments, conducted in different ways, viz. by the 
angle of friction, by the dynamometer, and by a maximum load, were care- 
fully made. The results agreed very closely, and the mean obtained gave 

120 lbs. as the absolute friction of the engine when uncoupled ; and 
200 lbs. as the absolute friction with the coupling wheel in full action. 

The difference, 80 lbs., being due to the method of coupling. It may be 
observed, that 200 lbs. is scarcely less than the absolute friction of an engine 
coupled in the ordinary manner. When, however, we take into account the 
difficulties attending the adjustment of the connecting rods, whether in keying 
the brasses so accurately as to enable the cranks to pass the centres without 
strain ; or in turning, and after they have been turned, preserving a pre- 
cise equality in the diameters of the wheels, tlie conclusion at which we arrive 
does not seem premature, that on an average of circumstances the diminution of 
useiiil effect is less upon the system of coupling by contact, than upon that of 
coupling by connecting rods. If the rails be dry, the coupling wheel is lifted 
off and remains idle ; but connecting rods must continue working, and then 
act only as an incumbrance. In damp weather only can the two modes come 
into comj:)etition. Whatever tendency to sHp exists in the driving wheels must 
be transferred to the fore wheels. In the one case a constant pressure pro- 
duces a constant resistance ; in the other a variable resistance is occasioned by 
a friction of the joints of the cormecting rods, increasing with every addition to 
the weight of the load. 

EDWARD WOODS. 
Manchester. Jan. 8, 1838. 



Xin. — Account and Description of Youghal Bridge, designed 
Nimmo. By John E. Jones, A.InstG.E. 



AleJ^ander 



Youghal, a town in the south of Ireland, county of Cork, celebrated as being 
the place in which the potato was first planted in Irish soil, by Sir Walter 
lialeigh, is a sea-port of considerable trade, situated on the river Blackwater, 
which separates it from the adjoining county of Waterford. 

Until the building of the present bridge, a dangerous ferry of nearly half a 
mile was the only means of communication at this point between the two 
counties, except by going a distance of sixteen miles by the bridge of Lismore. 

The erection of a bridge, which had been for many years in contemplation, 
was at length decided upon by the principal inhabitants of Youghal, and the 
late Mr. Nimrao, then employed as government engineer in Ireland, was ap- 
phed to. He accordingly gave two designs, one for a suspension bridge at 
Rencrue, where the river narrows, the other, a timber one, within a mile of the 
town; the latter was preferred for many reasons, viz. : from its requiring an 
embankment to be made to low water mark, a distance of fifteen hundred feet, 
forming one side of a triangle, which, when completed, would enclose a tract 
of ground nearly four hundred acres in extent, and would also save much 
trouble and difficulty in forming the new line of road to join the old one lead- 
ing from Waterford to Cork ; but principally from its economy, there being ten 
thousand pounds difference in the estimates. 

It was commenced in the year 1829 under my superintendence, and 
finished in the year 1832. 

From the extreme length of the bridge and embankment, it has not been 
possible for me to give more than a perspective view of the entire structure in 
elevation, but I have made geometrical drawing of the different parts on an 
enlarged scale with a reduced ground plan. See Plates XIII. and XIV. 



DESCRIPTION OF BRIDGE. 

Its site is upon an arm of the sea, which forms the mouth of the river 
Blackwater, the rise and fall are sixteen feet each tide, the rapidity of the flow 
being so great as to increase one half its height in the first quarter. 
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There are two channels, east and west, separated by a bank of sand, the 
tail of which passes under the centre of the bridge and is scarcely covered at 
low water. The quay on the Waterford or western side is two hundred feet 
square, and its channel upwards of twenty feet deep at the lowest spring 
tides ; from this circumstance it was considered the best place for the bascule, 
which was for the accommodation of the larger trading vessels, the smaller 
being enabled, like those on the Thames, to pass under by lowering their 
masts. The embankment on the easteni side is fifteen hundred feet in length. 
The face walls are built in good dry nibble work, varying in height from 
two to twenty feet, along which line there is a belting course laid in mortar, to 
support the parapet, which is four feet high and two feet thick, that nest the 
sea having a curved batter of six inches to the foot ; the upper face two inches 
to the foot ; top of the wall is two feet six in breadth, with counterforts five 
by four and ten feet apart ; the road is thirty feet broad, and there is a footpath 
on either side of six feet. 

The foundation for the walls was formed by placing a heap of loose stones 
about six feet in depth along the entire line ; upon this were deposited the 
materials for the future wall. This weight sunk the stones a considerable way 
into the sand. The filling was then thrown in, and the whole allowed to 
remain in that state for twelve months, diuing which time, if any part of it 
sank, there was more added, until it at last became one firm mass. The 
temporary walls were then taken down and rebuilt, accordmg to the section 
given in the drawing. 

The bridge unites with the embankment at low water mark, and is 1542 
feet in length ; it is composed of 47 bays of 30 feet span. The bascule and its 
piers 80 feet and 62 feet, the space occupied by the piles making the total 
length of timber work 1542 feet. Its breadth is 22 feet, and height above high 
water 10 feet, which makes a variation in the length of its piles from 36 to 70 
feet ; those I have drawn are the two extremes as far as the depth of the piles 
in the ground, but are shewn in 1 5 feet water. 

The timber is of crown brand Memel, selected by one of the contractors who 
went there for that purpose. The beams were 1 4 inches square, and in length 
from 44 to 90 feet ; the specification onl}' required that the piles, caps, and all 
the larger timber, should be 12 inches square, but the contractors did not 
reduce it, though they were aware it would have paid very well for its sawing, 
Mr. Nimmo, in his specification, allowed the piles to be scarfed, which however 



MB. JONES ON THE YOUGHAL BBIDOB. 



189 



was not necessary, as long aa the selected timber lasted, but from not having 
imported quite enough, tliey were obliged to have recourse to this method, not 
being able to get any of sufficient length in either Cork, Youghal, or Waterford. 
The quantity of timber used was nearly as follows : 



Hand Railing 
Flooring 

Bolsters 

Piles and in breakers 
StTUtA and straining beams 
High and low water gauge beams 

Diagonal beams 



Total number of Tons 



The dimensions of the gauge beams, diagonal braces» caps, bolsters, joists, 
struts, straining beams, purlin beams, and flooring, &e., &c., are given in the 
large elevations and sections. 

The caps are fastened to the heads of the piles by an oaken coke three 
inches in diameter and six in length, through which an inch and quarter Iron 
bolt is driven. At each side of the high water gauge beams, there is an iron 
strap three inches broad and half an inch thick thoroughly bolted. There are 
also three tailed straps at the joining of the struts and straining beams. 

In the specification it was said the piles were to be driven ten feet at least, 
or until they did not move an inch after receiving twenty blows of an iron 
ram five cwt. falling ten feet ; however, upon driving the piles which formed the 
first pier, I found that the bottom was so soft, that their own gravity sunk 
them five or sis feet, and that it required very little additional power to drive 
them the remainder of the ten feet ! Upon applying to Mr. Nimnio, he said his 
idea was, that ten feet would have been enough for the piles to go into the 
ground, and that it was only in cases where they would not go that depth that 
he specified otherwise. This circumstance, as well as my observing that the 
narrowing of the river by building the embankment on the eastern side had 
caused a washing away of the bottom, induced me to recommend the coramis- 
Moners to pay an additional sum to the contractors for driving the piles as far 
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as they would go, which proved to be in many instances 25 feet. In cases 
where the ground was at all hard, the piles were shod with iron, as I have 
shewn. 

The quay wall is four feet six at the top and twenty-six feet high, battering 
two inches to the foot, with counterforts four by eight, and ten feet apart. 

There are two toll houses and about three miles of new road, which com- 
prises all the works connected with this bridge. 

The entire length is as follows : 

Feet. 
Embankment ... .... 1500 

Timber Work ....... 1542 

Quay Wall ........ 200 



Total 3242 



The expense was under £18,000, but it could not have been done for any- 
thing like that sura, had it not been near one of the finest quarries in 
Ireland. 

JOHN JONES, C.E. 

London, June, 1837. 
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XIV. — Onilie Evayoratiwi of PVater from Steam Boilers. By Josuh Parses, 
MJiisLCE. 



The Tables recorded in tliis paper contain the details of numerous experiments 
on the evaporation of water from three classes of steam boilers, and they are 
presented to the Institution in the hope that they will be found to satisfy, in some 
measure, the desire so generally felt by the members of the profession for well 
authenticated facta illustrative of the powers of coal in producing steam. The 
economy of fuel is the secret of the economy of the steam engine ; it is the 
fountain of its power, the cause of its utility, and the adopted measure of its 
effects ; whatever, therefore, conduces to increase the efficiency of coal, and to 
diminish the cost of its use, directly tends to augment the value of the steam 
engine, and to enlarge the field of its application. These sentiments, with the 
conviction that we are yet far from having attained either a complete knowledge 
of the most profitable manner of submitting coal to the process of combustion, 
or of applying the caloric so raised to the generation of steam, must form my 
excuse for offering the following remarks, partly explanatory of the Tables and 
partly relative to the state of our knowledge and practice. 

T.h>i. The 1st Table, extracted from a paper of my own, (which is, I 

believe, the earliest on record,) appeared in the Quarterly Journal of Science and 
Arts for the year 1822, and exhibits the results of various experiments conducted 
on a large scale, at different establishments, with different varieties of coal, different 
sized boilers, and two very different modes of firing them. The rigorous accu- 
racy of each experiment may be relied upon. During every one of them the 
party owning the boilers, or a confidential deputy, was present with myself to 
superintend the weighing of the coals, and the measurement of the water, the 
object being to prove or disprove the economy of a method of firing and burning 
smoke which I introduced. For a thorough understanding of this Table, and to 
facilitate a comprehension of all the phenomena and facts established or illus- 
trated by it, it will be necessary that I advert to the origin of the experiments, 
and explain the purposes for which they were undertaken. By so doing alone 
can I render intelligible the phrases, M and new plans of firing, given in 
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the third column, and enable the consulters of the table to follow me in its 
analysis. 

My mind was first attracted to the study of combustion, by the perusal of 
that inimitable account of an almost matchless discovery, viz., " Sir Humphry 
Davy on the Safety Lamp and on Flame." I then, for the first time, under- 
stood the laws which govern the ignition of the inflammable products of coal, 
as well as the nature and proportions of the several elements necessary to 
effect it. 

It was, at that period, a desideratum at ray father's works at Warwick that 
the smoke evolved from the engine chimney should be diminished, or if possible 
annihilated. This induced me to give my attention to the management of the 
engine and boilers, which had hitherto, as in most other establishments, been 
left to the nearly uncontrolled carelessness of the fireman. The furnaces had 
hopper mouthpieces, origmally fixed by Messrs. Boulton and Watt, with a 
provision for admitting a thin stream of air into the fire, over the mouthpieces, 
in order to consume the smoke. This contrivance was of very little service, as 
volumes of smoke and soot were emitted from the chimney at each successive 
firing. I essayed heavier and less frequent firing, operating myself for many 
days together, that I might become expert in handling the shovel, at the same 
time regulating, with all the care I could, the admission of air over the hopper. 
Still I produced but little diminution of the nuisance. I frequently found the 
smoke increased by the admission of the air, and observed the pressure of 
steam to fall in consequence. I was perplexed, but the study of Davy at 
length furnished me with the clue for extricating myself fi-om this laljyrinth. 
I perceived that the conditions on which success depended were not fulfilled, 
and that failure was imavoidable; that the air must he given directly to the 
uninflamed gas, whereas it had become vitiated by passing over inflamed fiiel ; 
that it should be administered at the point of greatest heat, the temperature of 
incandescence, at least, being necessary for inflammation ; whereas the air was 
admitted by the hoppers at the coolest part of the fiimace. These considerations, 
with many others, led me to think that I should find the bridge of the furnace 
the most likely for combining the requisite conditions for solving the problem, 
and that by giving air there in due quantity, I should effect my purpose ; that 
I should, at that place, encounter all the uninflamed as well as the inflamed 
gas, and obtain at all times the temperature necessary for ignition. I was not 
disappointed in these view%, as the sequel wilt show, but I resolved to proceed 
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cautiously, in order to be able to estimate the resulting gain or loss, and before 
altering the furnaces, I determined to ascertain the duty done liy the fuel 
measured by the evaporation of water. 

I continued these experiments for some weeks, carefully noting down and 
registering every fact as it bore either on the furnace, boiler, or engine, till I had 
collected a sufficient number of facts to form a fair average of the value of a 
hundred weight of coals expressed in cubic feet of water evaporated. The 
engine was of 95 horses' power worked by two boilers, and so fully loaded that 
one boiler was insufficient for its supply. I, therefore, could not alter my 
furnaces until we could afford to stop the works for 2 or 3 days. In the mean- 
time I entered upon another and perhaps more important set of experiments, viz., 
the proper treatment of the fuel, and the effects of different modes of firing the 
boilers. I had observed that less smoke was emitted from less frequent, than 
from very frequent firing, and I found that somewhat more water was evapo- 
rated in the former than in the latter case, by the same weight of fuel. There 
were also fewer cinders made, as there was less poking ; the dampers were 
lower, as there was a greater mass, though less intensity of heat ; and we 
were less plagued with scoriffi, as the temperature of combustion was less ele- 
vated. These first fruits, though not of a very decided character, led me still 
more and more to diminish the frequency of firing, until by degrees I arrived at 
a mode of working the engine with two charges of coal per diem ; that is, the 
furnaces were loaded in the morning, as rapidly as keeping up the steam would 
permit, with sufficient coal to work the engine till dinner time. The grates 
were then cleaned, and charged again during the dinner hour, requiring no 
more fiiel during the day. 

I now found very marked results ; economy of fuel, greater steadiness of 
steam, much less smoke, still fewer scoriae; and I resolved, at the time of re- 
constnicting the furnaces for giving air at the bridges, to enlarge the whole 
capacity of the furnaces, so that they might contain, at once, the entire of the 
fuel requisite for the day's consumption. This was done, and as the summit of 
the chimney was at that time undergoing repair, I had a convenient scaffold 
left, in order that I might, at my leisure, examine the temperature of the air at 
its exit, under the various novel experiments I was now prepared to make. 
At the same lime I covered the boilers, hitherto uncovered, with double arches 
of brickwork, leaving an air space between each arch and the boiler, coating 
the outer arch thickly with strong hair mortar mixed with waste of wool. I 

, Y 2 
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provided also for the more convenient measurement of the water entering the 
boilers, by dividing a rectangular reservoir which formed the roof of the boiler- 
house into two portions, the one of which was filling, whilst the other was 
emptying ; so that I could tell, by the inspection of a gauge and scale, at any 
period of the day, the amount of evaporation. I also pierced holes for eye- 
pieces through the walls at the end of the boilers opposite the fire doors, to 
obtain a view of what might take place at the bridges, on opening or shutting 
the air valves ; also eye-holes for the side flues, to ascertain how far flame 
extended. 

My expectations were now in every respect realized. From about 7 o'clock 
in the morning no smoke was visible ; it was under perfect control, as the 
inflammable gases could be ignited or be reduced again into smoke at will. 
The dampers, of which I had two to each boiler, — one self-acting by the steam 
but not shutting quite close, the other closing hermetically under the control 
of the fireman, — were very close down, and capable of keeping the steam so 
steady that it did not vary ^th of an inch in height during many hours. The 
furnaces, when thus charged, may indeed be considered as great reservoirs of 
fiiel in a constant, equable, but moderate state of combustion ; not the entire 
mass on fire at once, but distilling first its gaseous products, then gradually 
entering into combustion according to the demands of the engine, made through 
its interpreter and agent the damper. At the dinner hour — as the load on the 
engine remained nearly undiminished to the last moment, and the steam con- 
sequently at the full working pressure — the dampers were closed, as nearly as 
was safe to avoid explosion in the flues *, and so much water was let into the 
boilers, as we knew by practice would be boiled, and allow the steam to rise to 
its point again at the starting time, the water having been allowed to waste in 
them as low as possible previous to stopping. At night the boilers were dosed 
with water in the same manner, which efiected two little bits of economy 

• If the dampers of a sieam boiler are suddenly and closely shut, whiUi the fire is in brisk 
activity, flame is extinguished, and the fiues become filled with carburettcd hydrogen gas. By 
the admission of a certain quantity of air, on re-opening the dampers, an explosive mixture is 
Bometimes formed, and if its ignition should take place, which occasionally happens, the tlue 
walls may be blown down. This evil is completely obviated by carrying up a email chimney 
through the boiler house, communicating at its lower end freely with the flue, and closed ex- 
ternally by a light sheet iron door hinged to a frame set flat on the tap. A chimney 12 
or 14 inches square will suffice to pass the explosion without injury to the walls of the 
boiler. 
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more ; it prevented, by taking up the heat of the flues, &c., that blowing off 
and waste of steam which necessarily occurs at the moment of stopping, and is 
renewed frequently during the night ; and on recommencing work in the 
morning, 2 or 3 liours elapsed before the boilers began to require water, which 
gave tlie fireman time to get on more rapidly with liis charges, and diminished 
the demand for heat on starting the engine. 

The method of charging the furnaces is as follows. The fireman com- 
mences getting up his steam about 5 o'clock, or an hour before the starting time 
in the morning, which is soon done, as well covered boilers lose little heat 
during the night from radiation. The steam up, he continues to throw on coals, 
thickening the mass towards the l>ridge, as quickly as combustion will permit, 
and a skilful hand will have about a third of the day's consumption of coals 
on the grates before starting his engine. The engine started, he soon finds he 
has an excess of steam ; this is the signal for continuing the process of charging. 
With a rake he pushes backwards, towards the bridge, all the fuel he can 
without uncovering the bars, and pitches in fresh coals to the end of the 
furnace, occasionally ramming them up with his rake till they fill the space 
between the crown of the boiler and the bars. He thus proceeds, as the height 
of the steam will let him, till he has brought his charge home to the mouth- 
piece, ramming it all the way. The mouthpiece is then also filled full of well 
wetted slack, and if the nature of the coals permitted, I invariably found ad- 
vantoge from drenching them with water, as they coked better. The furnaces 
thus charged, the self-acting dampers — which were kept open during the whole 
process of charging — were set at liberty, and allowed to act freely. About 7 
or 8 hours after the charge is made up on grates properly proportioned for this 
system of management, the coal towards the mouthpiece, with that in the 
mouthpiece, will require to bo pushed backwards, to supply the waste at the 
farther end of the grate, and burn all up. 

With respect to the smoke, a small quantity of air may be given shortly 
after the fire is made, and will be found to require a great increase for three or 
four hours after charging, when the greater portion of the gas uninflamed within 
the furnace will have passed over ; the air valve may then be gradually closed, 
and finally be kept closed for some hours. It would be tedious to enter into 
an account of all the various phenomena connected with the ignition of the 
gaseous and carbonaceous matters at the bridge : suffice it to say, that with a 
rod brought from the air-valve to the eye hole, the admission of air could be so 
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regulated as to produce intense brightness, the character of perfect inflammation, 
or all the varyijig hues from blue to dull red, according to tJie varying circum- 
stances and products of combustion in the furnace ; and frequently, no flame 
would be visible, as there was no gaa coming over. 

From the foregoing description will be understood the meaning of the term 
new, as compared with the term old or common plan of firing used in the 
Tables. 

It will not be supposed that I arrived all at once at perfection. It was not 
till after many trials and alterations, and much practice, that I attained an 
economy in regular work which I have never been able to surpass; nor have 
I ever reached quite the same amount at other establishments which I accom- 
plished at my father's works, where I added a third and larger boiler, increasing 
the allowance of 5 square feet per horse power to 8-i^. The 5 square feet 
per horse power, was the rule of Messrs. Boulton and Watt, reckoned on the 
surface of water in the boiler. It is evidently a very imperfect rule, and 
applicable only to boilers of one given form, whose surface exposed to 
the heat varies in a fixed ratio with the evaporating surface. The Lancashire 
engine makers commonly allow 7^ square feet of water surface per horse 
power, and the employers of engines would do well to require and to use not 
less than 10 square feet per horse power*, if desirous of raising steam with 
economy. The evaporation which I obtained from 112 lbs. of coals at 
Warwick, averaged 1 8^ cubic feet for six successive months, supposing the water 
to have entered the boilers at 212% and including the coal used in raking the 
fires at night, and getting up the steam in the morning. This was accomplished 
with both Netherton and Newcastle coals, the Wednesbury giving somewhat 
less. When I tested the boilers originally, 12 cubic feet were the utmost I 
could evaporate, and the ultimate saving in money was fully two thirds, as with 
greater boiler power, larger grates, and slower combustion, we were able to 
use a cheaper description of coals, containing so much metallic and earthy 
matter that, on tlie plan of fi*equent firing, the fusion of these impurities took 
place, and the grates were choked with slag ; whereas, with slow combustion, 
the incombustible portions of the coal simply remained on the bars, and did not 



* Ten square feet of water surface of a common wagon shaped boiler, are equivalent t 
abont 24 square feet exposed by tbe bottom, sides and ends, to absorb the heat, exclusive of 

flue through tbe boiler. 
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materially interfere with the passage of air into the fire. I may also state that 
I have invariably found very narrow air spaces between the bars, and narrow 
bars preferable to wide spaces and wide bars — the grates being thus kept much 
cooler, and the residuum in the ash-pit rendered more worthless. Where the 
dimensions of boilers and grates are limited by circumstances, such as in marine 
and locomotive engines, these desiderata cannot perhaps be practically obtained, 
but the intense heat of the bars and ash-pits of those boilers, and the rapid 
destruction of the bars attest the injury and loss of heat, however unavoidable, 
which arise under such circumstances. 

The experiments made on the summit of the chimney at Warwick were as 
follows. I suspended just within the orifice of the chimney, which was 
66 feet in height, a copper kettle containing water which continually boiled, 
vrith the two boilers on the old plan of firing ; but it rarely exceeded 180° with 
the three boilers on the new plan, and the average of the temperature, taken 
hourly throughout the day, was much less. 

The evaporation of the water after the remodelling of the furnaces and 
covering the three boilers, rose from 12 to 15 cubic feet per 112 lbs. of coals on 
the old plan of firing, and reached 18| cubic feet on the new plan, as already 
stated, which will be found to be nearly one cubic foot more than is recorded 
at any of the establishments in tlie Table ; but I have no doubt that I should 
have materially exceeded the maximum at Warwick, in several instances, had I 
been permitted to clothe the boilers, and to have applied and enforced the 
careful nursing and system of management which I was the master of at my 
fether's works. 

I subsequently took out a patent for the smoke burning process above 
described, and applied it to full 500 furnaces of various descriptions, introducing 
in every instance, and employing, as far as was consistent with the nature and 
object of the furnace, heavy firing and slow combustion, which was invariably 
accompanied with a greater or less degree of economy of fuel *. 



* It may therefore fairly be asked, why a plan possessing, according to 
and according to the results of experiments ntithcnticated by other persons of undeniable science 
and veracity, such decided advantages ; — it may, I say, be fairly asked, why such & plan fell into 
disuse ? 

In reply to this question I shall again tjuote Davy. He came to see a boiler set and working 
perfectly on my system ; he was much pleased, and not the less so on finding that he was the author 
of my knowledge, and he made roe recount lo him all my experiments. He frequently came to see 
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The interpretation of the laws of nature is more peculiarly the province of the 
natural philosopher ; their application is the business of practical men : but, 
however great have been the labours and successes both of philosophers and 
engineers, in the science and employment of heat, much yet remains to be dis- 
covered by the one, and to be effected by the other, before we can realize 
in the steam engine all the powers of coal. We are still without any precise 
knowledge of the elementary fact, of the absolute quantity of measurable caloric 
contained in and obtainable from a pound of coal or other combustible ; we are 
thus deprived of a datum or imit with which to compare our progress, and 
ascertain our distance from perfection, in the generation and employment of heat. 
We are also unfurnished with any definite determinate experiments regarding 
the proportions in which air and fuel unite during combustion ; we are, 
practically speaking, altogether ignorant of the mutual relations which subsist 
between the combustible and the supporter of combustion ; and though we 
know that without oxygen we cannot elicit heat from coal, we have yet 
to discover the most productive combinations of the two elements. Here then 
still remains a wide field for research and experiment, worthy and indeed 
requiring the labours of a profound chemist. 

Experiments are also wanting to exhibit the relative heating powers, 
or calorific value of the solid and gaseous portions of coal. 

The conditions to which steam boilers are subjected, and the laws which 
govern the ignition of inflammable matter, render it extremely difficult so 



the furnace charged, and made experimi 
bridge, examined the gaseous products i 
not a little encouraging and flattering to : 
you are right in pursuing this as a. busii 
cannot fail to be useful to you ; but you i 
asked, " Why ! " He replied, " It is loo aiti 
who won't care to understand it, and who 
You see that one half the miners won't even 
out light, and in momentary dange: 

which insures them from both, but requires a small amount of trouble and care." His predic- 
tion was fulfilled ; and for no other reasons which 1 could discover than those assigned; but still 
beheving the system to be grounded on sound principles, I have thought that the details of the 
various experiments I have made on the subject, would find some value in the eyes of the 
Institution, many of whose members are specially interested in all that can throw light on the 
means of extracting from fuel the greatest possible amount of caloric. 



nts with the pyrometer on the temperature at the 
f combustion, &c. His approbation of the plan was 
. young man, but he one day said to me, " 1 believe 
ess, as you will gain raueli knowledge by it, which 
oust not expect to establish it in general practice." I 
iple, and depends on the fireman and not on the master, 
won't concern himself much about saving a few coals. 
I use my lamp, and persist in working coniparoti vely with- 
plosion and death, rather than adopt a new contrivance 




WATER FROM STEAM BIJILERS. 



169 



to combine science and practice, as to avail ourselves of the full value of the 
gaseous products of coal. In all the intermediate varieties of coal from 
anthracite to cannel, the proportions of the carbonaceous to the gaseous matter 
contained in each, materially differ. 

Anthracite has been termed native coke, and I have seen Scotch cannel 
giving out 85 per cent, of gas, thus nearly approaching the opposite extreme. 
Brilliant as is the Wigan cannel in a house fire, it inflames at so low a heat, 
and throws off its gas with such rapidity, that it becomes almost impossible to 
bum it alone with any effect, in a steam engine furnace, owing to the enormous 
quantity of air requisite for the inflammation of the gas. This last desideratum, 
viz., the calorific value of the solid and gaseous jwrtions of coal, is capable of 
illustration by persons possessed of a small gas apparatus. The gas distilled 
from a certain weight of coal may be inflamed, and its value taken by the 
evaporation of water ; the coke being afterwards burnt and tested in the same 
way. It would be sufficient to ascertain the value of the gas from a sample ; 
the coal should be coked in a quantity sufiieient for a day's use, and be burnt 
on the grate of a steam lioiler, so as to compare it with the product of the same 
kind of coals, in the evaporation of water. »■ 

Experiments are also wanting on the relative heating powers of coal and 
coke generally. I have myself invariably found, as might be expected, that 
species of coal to be the strongest fuel, which contained the least gas, and vice 
versa. I liave also found that 75 lbs. of coke produced from 100 lbs. of coal, 
evaporated as much water as 100 lbs. of the self same coal. Such a fact 
would appear to be of a somewhat staggering nature, did we not know that the 
heat of comljustion does not alone depend on ihe combustible, but also on the 
quantity of oxygen united with it, and the mutual action of those two bodies. 
I made the experiment with a view of confirming or disproving a similar 
statement, made I think either by Kirwan or Rumford. 

It is not, I believe, common to find coal which will give 75 per cent, of 
perfectly well carbonized coke *, The coal which rendered me this produce, 
was the best St. Etienne of France, closely resembling in its character the best 
Newcastle. The power of coke, as fuel, is now become a very interesting 
subject of enquiry from its necessitated use in locomotive engines. The relative 



" A valuable Table of the produce of coke from Newcastle coals, will be found in the First 
Volume of the Tran»actiona, by W. Cubitt, V.P.lnst.C.E. 

VOL. 11. Z 
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value of different cokes is speedily ascertained, and the best for their use adopted 
by railway engineers, but they can have no certain test of the excellencies of 
their boilers, as absorbers of heat, unless they note the evaporation. Would 
they furnish us with such facts, and would our marine engineers also com- 
municate the results of similar experiments on steam boat boilers, we should 
soon be able to construct Tables which would exhibit, at one view, the com- 
parative merits of every class of boiler, mcasiu-ed by their economy of fuel, 
under all the various circumstances of construction and practice. 

By extracting the following Tables from the publications which record them, 
and by classifying and contrasting the facts which they severally exhibit, I have 
endeavoured to make known the present state of our knowledge on a subject 
which has been too little investigated, in the hope, also, that it may attract 
that attention which is due to its importance, and stimulate others to institute 
and communicate similar experiments. Evaporation experiments will determine 
the positive and relative value of diflerent coals ; they will prove the merits of 
different boilers ; they will indicate the good or bad working condition of 
the boilers ; they will detect the good or bad working condition of the engine 
itself; and their publication will stimulate those in charge of engines to a 
rivalry of care aud skill, which cannot fail to produce economy in the use 
of fuel, and diminish the wear and tear to which all boilers and engines are 
subject. Experimenters should not fail to note the temperature of the feed 
water, nor to slate the form and dimensions of their boilers and grates, with 
the exact measurement of the area exposed to the radiant and communicative 
heat. They should also particularize the nature of the coal, and the locality 
whence it is derived, with its cost to them. 



^^^^^^^^^^^^^^^^^H FROM ^^^^H 




^^^^^^ Table 


■ 
















1 s 


S 1 S 




i 








MX* 

of 


■B 


S 


I 


J 
1 




i!|! 


Ifilf 
1,1 


on the Mkn. 


1 




■ 




EipBimm 




•s 

lb%. 


is 


ill 

Cublcft-j 


II; t^ 






1 


5 


II 






,^ 


lb.. It-. 




L'ubicft. 


Ibi. 






Old 


12^6 


2676 


n 30 a-08 


9 1 43 


39) j 2166 




10-62 


6-98 





















1ft. air. wide. Hlth t 










i'r 




Ne<r UJ.->(t 


26711 


11 25 6fi7 


10 42'3D1 218S 1 Dim thrxiwh It. Ontv 


1177 


B'66 








Ditto !I.»I8 


idoe 


» S'94 


10-8e 42 238 1330 J, ^J;;^:""^'" "■ 


12-66 


6'99 


^^H 








11,668 


1568 


1(1 7-44 


13'46 44 


236 1 13.13 Is^nt holl« rr«t. _»d 


U-68 


8-67 


^^^H 


^H 




New 


18,776 
19^12 


201S 
2570 


12 26 8.12 
9 19 7-6 


14-92 44 


303 ' 1713 


!7n:,ur^ 17.64 


ff76 


1 


111! 




Old 


13-4 ! 78 


322 2254 


B<MI»l3fi.«ia.xan. 18-36 


8-SB 


^^^^H 




New 


2I.B7n 


2.176 


ID ' 840 


lft-8 80 


314 2262 


c^^^iiriSH,-' '^■'«> 


9-«« 








Ditto 


22.128 


2G3S 


8 0l8'23 


14-78 1 74 


341 


2347 


Bf>.Iir.b™.d. 1 lfl.93 


9-44 


^^^t 




ill 




Old 


23JiOO 


3a(KI 


10 SO '703 


12 S3 1 102 


332 


2868 


-Tvo boilen, U ft. Uxig 
x»tt.e In. b™d. no 


14-06 


7-BS 


^^^M 






Ditto 


16.123 


rai2 


8 j 6-87 


126 101 


241 


2071 


nla. 


13-96 


7-77 


^^H 




Hi 




N.W 


1S.S7S 


917 


7 18 8-oa 


14-37 96 


310 


1707 ls«netK.i1m, p««„- 


1614 


SVl 


^^^1 




k' 


13 jDitio 


14,764 


837 


6 fi4 , B'03 


14-4 1 97 


196 


1639 l'-^ W 4 ft- « In. 


16-13 


9- 


^^^^H 




la tNtlol 18,112 


2199 


8 10 8-23 


14-76 97 


237 1B62 r 


le-Gi 


9-ai 


■ 


Uoui BTdporstion, old plan 


13'49 


7-53 
8-70 
6-93 
976 




DitW dilW Timr 








Lent ditto 

Oroueii ditto 


Id J, 


10-62 
17-M 


1 







Mean evaporatlnn, b( Warwick, nen 


plan 


18G0 10-33 






OBSERVATIONS. 


■ 


B The experiments are stated in two modes, so far as regards the ffmperaiitfe ^M 


H of the water with which the Iroilers were supplied. The first expresses the ^M 


H real temperature of the water used during the experiment ; the second exhibits V 


H the prfiportion of coal required to evaporate the water, supposing the latter fn ■ 


^^^^ have entered the boiler at 212°. Another column shews the portion of cobI ^^^M 


^^^L ^^^H 



wa 



MR. PAHKE8 ON THE EVAPORATION OF 



used to raise the water from its mitial temperature to 212°. These latter 
columns are necessary, in order that the results of the several experiments may 
appear upon equal terms, as no just comparison can be made between them and 
others, unless the water, in all such experiments, be reduced to one standard 
temperature. In order to separate the weight of coal burnt in heating the 
water to 212% from that actually spent in evaporating it, I have used Mr. 
Watt's 6gures for the latent heat of steam, and subjoin an example of the mode 
of converting the sums. 



Vide Experiment 1. (Latent heat of steam 950°. — Watt.) 
: 1 70", amount of sensible heat required to raise the water 



Example. 

212"— 42° = 
from 42° to 212°. 

170° + 960°= 1120°, the sum of the sensible and latent heat in steam 
generated from water of the temperature of 42". 

.*. 1120° : 2576 lbs. coal :: 170° : 391 lbs. coal, burnt in heating the water 
from 42=10 212% 

.'. 1120° : 2576 lbs. coal :: 950" : 2185 lbs. coal, burnt in evaporating the 
water from 212% 

The figures in the last two columns, which present the absolute result of each 
experiment, and the relative results of all, are obtained in a similar manner. 

The weight of water evaporated in the first five experiments was ascertained 
by condensing the whole of the steam in a refi'igeratory, used occasionally to 
supply the printing works with pure water. In all the other experiments (he 
water was let into the boilers from a measured vessel, and the temperature of 
each dose noted. No one of the boilers forming the subject of the Table was 
clothed, yet it will be seen, that by resetting the boiler and grate used in the 
first five experiments, and by the more skilful management of the fuel, the product 
of 1 12 lbs. of coals, under the same boiler, was raised from 10"62 cubic feet to 
17"r'4 cubic feet of water evaporated. This was one of 7 boilers set side by 
side and working together. 

Mr. Thomson, the scientific owner, and myself afterwards entered on a 
series of experiments to determine accurately the amount of loss occasioned by 
the unclothed, or very imperfectly clothed state of all the steam pipes ramifying 
through his works, as well as the boilers ; and we found that one of the 7 
boilers was merely supplying the waste arising from the neglect of preciiutions, 
the wisdom and importance of which — however self-evident they may seem — 
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are, nevertheless, almost universally despised in practice excepting by the 
Cornish engineers. 

Experiments 4 and 5 shew, as nearly as we cciuld obtain, the value of the 
gaseous and carbonaceous matter which escaped in an unconsumed and un- 
profitable state, when no air was given at the bridge. In both experiments the 
grates were charged, but in the 4th the smoke was allowed to pass off uncon- 
sumed. In the 5th, the smoke was burnt, and the difference in favour of the 
last was ^th, or 12^ per cent. 

Experiment 8, at Preston, was made to ascertain the greatest evaporating 
power of the Iwiler in use, which I considered to be the best set, and of the 
best proportions I had then seen, and possessing the finest draught. From 
these combined excellencies it exceeded the evaporating power of the boiler at 
Mr. Thomson's, which presented nearly the same area of heated surface, in 
the ratio of 2 to 1, and that without any material reduction in the effect de- 
rived from each pound of coal, as will be seen by Experiments 7 and 8. This 
excess in evaporative power is attributable, not only to the superiority of the 
draught of the chimney, but also to the greater width of the boiler, which per- 
mitted a larger quantity of coal to be brought into action, and presented a 
corresponding increase of surface to receive the direct radiant heat of the fire. 

In all these experiments the water in the boilers was brought to the 
boiling point, and with as little ignited coal as possible on the grate, the experi- 
ment commenced. 



TMtii. The next Table is particularly interesting from the circum- 

stance of its exhibiting the results of 8 monthly experiments of the whole water 
evaporated from the boilers working a Cornish pumping engine. 

The particulars have been furnished nie by the kindness of Mr. John 
Taylor, and are extracted from Captiiin Lean's monthly reports of duty, in 
whifh publication they will continue regularly to appear. These form the first 
of a series of facts, in ascertaining which the Cornish engineers have again 
taken the lead of all their brethren. They are second in importance only to 
the reports of the duty done by the engines, which have so materially accele- 
rated the advance of the practical science of steam, and elevated the Cornish 
pumping engines to the very first rank in the scale of economy, when compared 
with any other of the numerous varieties of the steam engine. Similar ex- 
periments are now rendered easy to every one by the invention of a meter, 
through which all the water passes into the boilers, and is measured and 
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^^^H registered at the same time. This instrument owes Its origin, I believe, to a 


^^^^H ' prize offered by Mr. Taylor to the Polytechnic school, and he assured me that 


^^^^H the Cornisli engineers have full reliance on its accuracy. We may therefore 


^^^^H anticipate the multiplication of these experiments, and the general adaptation of 


^^^^H the instrument to the Cornish boilers ; so that the monthly reports will contain 


^^^^H not only a registry of the duty done, but also a registry of the fuel and water 


^^^^H which fiimish the power of the engine. 


^^^^H I have annexed to this Table two columns exhibiting the value of 112 lbs. 


^^^^H of the coal in cubic feet of water from 96°, at which it entered the boilers, and 


^^^^H S1S°, by which a just comparison of these experunents can be made with 


^^^^H those in the first Table. I have also added Mr. Kenwood's experiment, ex- 


^^^H tracted from his paper lately read before the Institution. 


^^^H Table 


^^^^H Eraporation imiicttted Ity Oie M'^ater Meter attacfied to the Boilers of Loam's 


^^^H Engine at the United Mines. Cylinder 85 inches, single. Coals 94 B)s. 




per fnishel. 




^^^1 


Time. 


It 


J 

ol 


II 


Water evapotMed 
by each buthel of 

coals — Tem- 

perMure of wnler 

96". 




'4 

M 








I«37. 


Million „ . , ! Imperial 
lb.. Buihdi. g^,i,^„,_ 


GalloiH. 


CuWc 

feet. 


Cub. feel. 


Cub. feet. 


ibi. 




March 


64-» 1 3283 |2B-i,870 
64-3 2024 ' '^"■■"■'• 


HR-ia 


13-78 








^ 




April 


, :ji„ 






Vlay 4ih to 30th 


6B-96 2243 
60-33 25.55 
683 2090 
69-2 1973 
69-2 2117 
70-2 ' 1B97 
7013 I81H 
74-12 No a 


336 210 nnilsFS leolri, 




May 3"th 10 July 4ih 


26»!5no 
204,190 
254,275 
210,130 
177,135 
140,305 


i«-Hnl 




July 4th to Auuiist 3d 


97''J 
128-8 
98-3 
93'3 
81-6 


15-631 




September 1st to October 3d.. 
October :W to November -2d .. 
Navember 2d to December 1st 
December 1st 10 January 2d.. 


20-62 
15-72 
14-9-2 
13-05 






1H38. 
January 2 to February 1st 


70-37 2261 227,640 


10 1-1 


1617 

15-83 
2062 
13-05 






11-80 
15-37 
9-67 

11-B7 


] 




Mean of at! the experiments .. 




18-86' 21-16 
24-56 27-55 
1554 17-33 




Greatest ditto 








Least ditto 






Mr. Henwood's Experiment, Wheal Towan Engine. 1 
Coals lOU lbs. per bushel ; water 938° ; evaporation > 
10-05 cubic feet ) 




2131 
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OBSERVATIONS. 
Some remarkable discrepancies ajjpear between the returns of evaporation 
in this Table, there being no less than 50 per cent, of difference between the 
least and the greatest amount. Uninformed as I am of tlie circumstances 
which may have so materially influenced the monthly results, I can only point 
attention to the facts. Such irregularity cannot have escaped the notice of the 
superintending engineer, and is of itself a striking proof of the utility of the 
application of a tell-tale to boilers. I should accuse any fireman of mine of 
gross neglect, be led to investigate the state of the boilers as to cleanliness, &c., 
or search for other defects, did I ever find so great a fall tis 1 per cent, below 
the maximum of evajioration *. 



T.W(in, The next Table relates to the evaporative qualities of locomo- 

tive boilers. 

M- de Parabour did not fail to analyse these important functions, nor to 
classify the results of his numerous exjieriments ; but his object in noting the 
weight of coke burnt, and that of the water converted into steam, seems to have 
been with the view rather to establish the evaporative power of the different 
boilers, than to ascertain their respective and relative economy in the use of 
fuel. These facts are not, therefore, to be found side by side in his Work ; 
tltey are registered in two distinct Tables {pages 175 and 320) +. I have ex- 
tracted them from these two Tables, and now placed them in juxtaposition, in 
order that the value of this class of boiler, as an instrument of evaporation, may 
be found by comparing its performance with that of other boilers. 

M. de Pambour has not stated the exact temperature of the water in the 
tenders, using only the loose terms " cold" " fu-kemarm" &c. I have, in conse- 
quence of this omission, been obliged to assume an average temperature, (which 
I have ventured to fix at 60°,) in order to construct the columns of evaporation 



• Since writing the above, Mr. T»ylor 
evaporation from these boilers, arise froi 
quality — water wliich contains much free a 
The boilers are also old, are obliged to b 



laa informed ine, thst the irregularitiet in the monthly 
I the necessity of using mine water of a very bad 
id, with mineral solutions of a very delet 
very frequently repaired and cleaned, 



thu 



mpelled fur many days together to work the engine nith only half its i 



and they are 
m pic men t of 



f A Practical Treatise 
Parabour, 1836. 
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from 212°. The comparison with the other experiments would, however, still 
be imperfect, without due allowance being made for the superior strength of 
coke to that of coal. M. de Pambour particidarizes the coke used as " Worsley 
coke of prime quality," a coke well known in Lancashire as the strongest and 
best for foundry purposes. I have, therefore, added other columns, reducing 
the power of coke to that of coal by the ratio of 1 to 8 ; in other words, 
assuming /oths of a pound of coke to be equal to 1 pound of coal. These last 
columns, therefore, are the standard of comparison with the other Tables. 

These experiments appear to me to merit entire confidence as regards care in 
weighmg, measuruig, &c. ; but yet there is a circumstance so commonly at- 
tendant on the working of a railway locomotive engine, that no experiments on 
evaporation can be considered as exact unless free from that error. I allude to 
the phenomenon ofpriminef; a phrase used to express the passing over of water 
with the steam from the boilers into the cylinders, an effect very common, and 
arising partly from the rapid disengagement of the steam from so small a 
volume of water in so confined a vessel, and partly from the small capacity 
of the steam chamber. I do not mention this to throw the slightest discredit 
on M. de Pambouv's experiments, but point it out as a precaution to be ob- 
served by all experimenters on locomotive boilers. 



Table III. 
£)vaporaiumJrom Locomotive Boilers. 



By M. DE Paubour. 



Nime 

of 
Engine 


1 

t 

II 


. 1 

'lit 

u-5 ;s.s 


i 
■i 


T™p«r,.ure 
of 

the witer. 


L 

fj 

0.= 


1 


'i 


1= 


1 




1634. Ibt. IbL 


Cub.f«i. 


Temperalure. 

Cold 
Ditio 

Lukewarm 

Ditto 

Cold 

Ditto 

Almost coI(] 

Lukewarm 

Very hot 


lb.. 

53-7 
53 

64 

57 
67 
44 
44 
61 


CtLfwi. 

8-27 

8-69 
1-2-53 
11-85 

7-!M 
13-08 
12-52 
12-44 

9-66 

10-00 
13-OS 
B-09 


Cub. feet. 

1204 
15-17 
10 


Cub. feet 

10-11 
12-13 
8 


lb.. 

5-64 
6-76 
4-46 






Vulcan 

Leeds 


July 22<) 
Aug. 15ih 
July 24tli 

Ditto 
July 28th 

Ditto 
Aug. lat 


OfJJ:4fl40 


74-34 
9J-H2 
7803 
87- 14 
1(8-29 
m-G4 
6608 


Fury 


m)a 4878 
74« 5440 
870 614a 
870 6040 
7744130 




Firefly 


Ve«w 




Mean 
Great 
Least 


of ail the experiment 










ditto 
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OBSERVATIONS. 



The accuracy of these experiments derives further confirmation from three 
similar ones (reported by Mr. Wood in his Treatise on Railroads, page 412) 
performed on the Rocket, Arrow, and Phcenix, tlie mean of which is 1 0'08 cubic 
feet, evaporated by 112 lbs. of coke. Thus, it would appear, that though but 
little progress had been made in the empomlm economt/ of locomotive boilers 
between 1831 and 1834, their evaporative power had been increased from 3G 
cubic feet of water converted into steam per hour, the mean reported by Mr. 
^Vood, to 55'82 cubic feet, the mean of M. de Pambour's experiments *. 

The demand for power and speed in the locomotive engine has kept pace 
with the enlarged dimensions and better construction of the boilers ; and pro- 
bably the rage for velocity and heavier loads will, for some time to come, 
neutralize every effort of the locomotive builder to diminish the consumption 
of fuel ; economy of time — the object of railroads — being diametrically op- 
posed to economy of fuel, and economy of mechanical wear and tear. 



T.bie IV. From the three foregoing Tables I have composed a fourth, 

which may be termed the comparative Table of results, shewing at one view 
the mean, greatest, and least evaporation, by 112 lbs. of coal in cubic feet of 
water at 212°. The Lancashire and London are taken from the figures, OM 
Plan, Table I. 

Had we the knowledge of the relative strength of the coals employed, and 
fijU information of the respective areas of the heated surface of the boilers, an 
investigation into the causes of the superiority of one boiler over another, both 
as regards their evaporative power and evaporative econmiy, might be instructively 
if not successfully entered uiron. 

* In aligning to coke a superiority of^ih in its heating power over coal, I believed myseir 
to be nithio the mark. Mr. Apslcy Pellatt hits since communicated to the Institutioc the results 
of his extensive anil valuable experience " on the relative heating powers of coke and coal in 
melting glass," by which it appears that Londort gas coke exceeded coals in calorific value 22 
per cent. It is well known that all gas coke is very inferior to oven or hard coke, and M. de 
Pamboiir slates the difference between the heating powers of these two sorts of coke in Lanca- 
shire to be ISj per cent. It would thus seem nearer the truth to diminish the evaporation from 
ilic locomotive boilers (in order to compare it with those using coals) by Jth, or even ^rd, 
rniher than by ^tb, as in the Table. 
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Table 
Evaporaiion of Water from 


IV. 
n^.hyW^lbs.ofCod. 




EXHMtMIXn. 


Ontua. 


Leut. 


Mein. 




Due of «peH- 




Cubic feet. 
27-S& 

15-36 
1406 
1213 
9-46 


Cubic feet, 
17-33 

10-62 
13-95 

8 

8-fi5 


CutOc («l. 
2116 
21-31 
18-60 
13-49 
14-0 
10-11 
918 


Lean. 

Hen wood. 

Parkes. 

Ditto. 

Ditto. 

Pambour. 

Wood. 


1837 
1B35 
X820 
1B21 
1821 
1834 
L831 


Ditto 








Locomotive 





Tibirv. As an useful adjunct to the foregoing Tables I have composed 

another, shewing the proportionate paxts of 112 lbs. of coal burnt in heating 
water from 32° to 212°, with that burnt in evaporating it from 212°. 

It is constructed precisely according to the example given in the observations 
on Table I., and will be found to save considerable trouble in reducing the 
results of numerous experiments on evaporation to a common standard of com- 
parison*. Required, for instance, to know the value of 112 lbs. of coal m 
evaporating water from 212°, which, had converted lO'OO cubic feet into ateam, 
from water at 60°. Vide 60° in the Table, and we have the formula ; 

112 lbs. 
10*90 cubic feet x qr-'^r =12-64 cubic feet, evaporated from S12°. 



* It is very desirable, for many reasons, that all experimentera should reduce their results to 
one conunon standard ; and though it may very rarely occur in practice that steam-boilers can 
be supplied with water at bo elevated a temperature as 212", yet that degree is evidently better 
suited for the purpose of a Blandard than 3S°, the only other which could, philosophically speak- 
ing, be fixed upon. 
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Table ^^^| 






Cotli burnt 


CoBli burnt 




Coala bum! 


Coals burnt 


i; 


Coalt burnt 


CoalB burnt 






■5^ 




in evaporating 


8.-- 


in heBting 




c"5 i 


in helling 


in etaporatitig 










lie water 


the water 


the water 


the water 








ffom ane". 




Id 218°. 


froia 81!°. 


g ' " 


to tiS". 


from SI a*. 






f- 






H 






E= 








, 


Ibi. 


11». 




Ibi. 


Ibi. 




ibi. 


lb.. 




32 


17-84 


94-10 


94 


12-37 


90-63 


154 


«-44 


105-56 






34 


17-67 


94-33 


96 


12-18 


99-82 


16C 


0-23 


106 77 






36 


17-50 


94-60 


98 


12 


100 


1-58 


002 


105-98 






38 


17-33 


94-67 


100 


11-81 


100-19 


160 


6-81 


100-19 






40 


17-10 


94 84 


102 


11 -112 


10038 


162 


5-6 


106-4 






42 


17 


95 


104 


11-43 


100-57 


104 


6-38 


106-82 






44 


16-83 


05-17 


106 


11-24 


100-76 


106 


617 


lOS-83 






46 


16-65 


95-35 


108 


11-05 


iuoa6 


108 


4-96 


107-05 






48 


16-48 


96-52 


110 


10-85 


10116 


170 


4-74 


107-26 






60 


16-31 


96-60 


112 


10-60 


101-34 


172 


4-62 


107-48 






52 


1614 


95-86 


114 


10-47 


101-53 


174 


4-30 


107-70 


^^^ 




54 


16-»7 


9<t03 


116 


10-27 


101-73 


178 


408 


107-92 






56 


15-79 


96-21 


118 


10-01! 


101-92 


178 


3-86 


108-14 


^^^^^^1 




68 


15-62 


iH)-3« 


120 


987 


102-13 


180 


304 


108-36 


^^^^^^1 




60 


15-44 


96-56 


122 


9(® 


102-31 


182 


3-42 


108-58 


^^^^^H 




62 


15-27 


96-73 


124 


9-40 


102-51 


184 


3-20 


108-80 


^^1 




64 


1509 


90-91 


120 


0-2B 


102-71 


186 


298 


109-02 


^1 




66 


14-91 


97-00 


128 


0-09 


102-91 


188 


2-75 


100-26 
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68 


14-74 


97-26 


130 


8-80 


103-11 


190 


2-63 


109-47 






70 


1456 


97-44 


132 


8-70 


103-30 


192 


2-30 


100-70 


^^^^^^1 




72 


14-38 


D7-C2 


134 


8-49 


103-51 


104 


208 


109-92 


^^^^^^1 




74 


14-20 


ft7-bO 


!3fi 


8-20 


103-71 


100 


1-86 


11015 


^^^^^^1 




76 


1402 


97-98 


138 


809 


103-91 


198 


1-62 


110-38 


^^^^^H 




78 


1384 


98-10 


140 


7-80 


10411 


200 


1-39 


110-61 


^^^^^^1 




80 


13-66 


98-34 


142 


7-08 


104-32 


202 


lie 


110-84 






82 


13-48 


08-52 


144 


7-48 


104-52 


204 


0-93 


11107 


^^^^^^1 




84 


13-29 


08-71 


140 


727 


104-73 


206 


0-70 


111-30 


^^^^^^1 




86 


1311 


98 80 


148 


700 


101-94 


208 


0-46 


111-64 


^^^^^^1 




88 


12-93 


9907 


130 


6-BG 


106-14 


210 


0-23 


111-77 


^^^^^^1 




90 


12-74 


90-20 


152 


0-03 


10535 


212 





112 


^^^^^^1 




(tt 


12-56 


99-44 














^^^H 


^^^H March £tli, 1838 
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XV. — Account of a Machine for dcaniiif] and deepening small Rivers, iu wae 
on the Little Stour River, Kent. Bif fV. B. Hays, Orad.TnsLCE. 



It is well known that the more rapid the current of a river is, the more effectu- 
ally will it form and maintain for itself a deep and clear charmel, because the 
friction of water moving rapidly is sufficient to remove such obstacles as mud, 
.sand, or even fine gravel. The engineer who wishes to deepen a slow river, 
sometimes takes advantage of the knowledge of tliis fact, by using whatever 
means he can to increase its velocity. But if by any means advantage could 
be taken of tlie hydrostatic power of the water in a slow river, (the friction of 
which is small.) by arming it as it were with a set of scrapers, which should 
act upon the bed of the river to supply the place of this friction, the object 
would be obtained in less time, and more effectually, perhaps, than by increasing 
the velocity of the water. 

Now the above advantage is taken in this machine. It consists of a boat 
having a broad rake or scraper attached to it, and propelled forward by the 
jwwer of a head of water, which is constantly maintained behind it in the 
manner more fully described below. 

Whether this principle would be applicable in rivers of any considerable 
size I am not able to say, but its success has been practically established in 
small rivers ; that is, of a width of 50 or 60 feet, and depth of 5 or 6 feet. 

This machine was contrived about 30 years ago by a gentleman of the 
name of Kingsford, a miller, at Seaton near Canterbury, the father of the present 
proprietor, and there are now, as far as I am aware of, only two machines of 
the same kind in existence. He was desirous of opening the navigation up to 
his mill for a length of 5 miles of a river which in some places was scarcely 
12 inches deep, owing to the great accumulation of mud, &c. ; and he effected 
his object almost wholly by this machine, which he then contrived for the pur- 
pose. Only in places where there was a more abundant accumulation of gravel 
a small hand dredging machine was used ; uideed, the same boat was used 
for this purpose, by substituting a dredging apparatus for the rake and ap- 
pendages used in scouring. 



XVI. — Description of t/ie PerpendietUar Lifts for passing Boats from oneLecelof 
Canal to another, as erected on the Grand Western Canal. By Jambs Grsek, 
MJnst.CE. 



It may be right, in the first instance, to observe, that these lifts have not been 
designed to supersede the use of locks on canals in all cases, but for a peculiar 
situation, in which a very considerable ascent was to be overcome within a 
short distance, where the supply of water was inadequate to the consumption 
of common locks, and the funds were insufficient for the execution of the work 
on a scale adapted to such locks. 

The trade expected on the canal was chiefly the carriage of coal, culm for 
burning lime, and lime-stone, all oi which might be conveyed in a train of 
small boats linked together and drawn by one horse, to the number of four, six, 
or eight, as the occasion might require, the chief object being economy in cost, 
and therefore to move slowly and convey a large quantity ; and under such 
circumstances, it must be obviously desirable that the ponds of canal between 
the lifts should be as long, and the lifts as few in number as possible, to 
prevent hindrance by too frequently detaching the boats in order to pass them 
singly over the lifts. 

In this instance, the boats are built to carry 8 tons each, being 26 feet in 
length and 6^ feet in width, drawing when laden 2 feet S inches of water, so 
that a canal 3 feet in depth is sufficient for their use. 
G«»ni drwrtpii'*!. The lift consists of two chambers, similar to the chambers of a 

*""'■■ ' common lock, with a pier of masonry built between them ; the 
chambers being of sufficient length and width »to admit of a wooden cradle or 
cistern being placed in each of such chambers, and which cradles are of suf- 
ficient length and width freely to admit one of the boats to float within them. 
(Plate XVI.) 

The cradles are furnished with water-tight lifting doors or gates at each 
end, so as to contain the boats afloat within them when the cradles are put in 
motion. (Plate XVII.) 

The side walls of the chambers and the pier between them, are carried up 
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from foundations sufficiently below the bottom level of tlie lower canal, to the 
top bank level of the higher pond of canal. The perpendicular height of the 
lift here described is 46 feet, i. e. the difference in the levels of the two ponds 
of canal. 

In the centre pier, arches are constructed longitudinally of sufficient width 
for a person to pass; these are connected with arches built transversely in the 
pier, and with platforms at the higher ends of the chambers, by which means 
access is had to all parts of the cradle when it is stationary at the lower level, 
for tlie purpose of any adjustment of the several parts. (Plate XVII.) The 
transverse arches in the pier have the effect of lessening the mass of masonry, 
and difltising light within the chambers, the arches introduced in the front 
or retaining walls of the building are for the same purpose, as will appear by 
the drawings. {Plate XVIII.) 

The water in the lower pond of canal is prevented from flowing into the 
chambers of the lift, by lift up gates or doors, and in the same way the water 
is cut off from the ha at the higher level. (Plate XVII.) 

The floors of the chambers are sufficiently below the bottom of the lower 
canal to allow of the coil or gathering of the balance chains underneath the 
cradles, and to leave the cross beams of Umber on which the cradles rest when 
at the lower level uninterrapted by water, and a drain is laid from each 
chamber to prevent the accumulation of water therein beyond the height of 
the bottom of tlie cradle. 

The sides of the cradles are well secured by wrought iron knees on the 
inside, which are riveted to wrought iron straps on the outside. (Plate XVII.) 
The ends of the cradles have cast iron frames corresjK>nding with their cross 
section, properly bolted and riveted to the timbers, which preserve the uni- 
formity of figure, and render them perfectly stiff and firm. All the joints are 
caulked and made water-tight. 

On the top of the walls of th« lift a framing of cast iron is erected, consisting 
of 12 upright hollow columns, 9 feet high and 12 inches in diameter, which 
are secured to the masonry by strong wrought iron holding down bolts. The 
columns are braced together by the lateral and transverse beams described in 
the drawings, and this framing supports a longitudmal cast iron shaft, 22 feet 
in length and 10 inches' diameter, with couplings, as shevra in the drawings; 
the bearings properly turned and seated on brasses, in pluramer blocks, car- 
riages, &e. (Plates XVI. and XVII.) 
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On this shaft are fixed, in the manner shewn in the drawings, three cast 
iron wheels or pulleys, 16 feet in diameter, for the purpose of carrying the 
wrought iron chains which support the cradles. The opposite points in the 
diameter of these wlieels being directly over the centre of each chamber of the 
lift. (Plates XVI., XVII. and XVIII.) 

The two outer pulleys simply carry the chains, but the centre one besides 
this has a spur gear in segments fixed on one side, which working into the 
pinions shewn in the drawings. {Plates XVI. and XVIII.,) gives motion to the 
bevel gear wheels attached thereto, and which by means of a wrought iron 
diagonal shaft communicates with a hand gear or winch power fixed on Xhe 
side of each chaml>er wall; this is worked by hand, for giving motion to the 
machinery, when necessary, without any preponderating weight of water in 
either of the cradles. 

To this hand gear is attached a cast iron brake wheel and brake Ie\'er, for 
the purpose of regulating the speed of the ascent and descent of the cradles 
when (as generally is the case) a preponderating weight of water in the cradles 
is used to give them an alternate motion. (Plate XVII.) 

The chains used to support the cradlea are of the best wrought iron, and 
what is called bar chain, (Plate XVIII,,) with coupling or connecting joints and 
steel pins, and the wheels or pulleys are so cast as to leave proper seats for these 
joints, which prevent the slipping of the chains. 

The cradles, as shewn in the transverse sectional view of the lift, (Plate 
XVIIL.) are attached to the chains by means of strong wrought iron suspension 
bars fixed to each side in the direction of the three pulleys. These suspension 
bars are connected in pairs by a cast iron beam across the cradles, at a sufficient 
height above the sides (o allow the boat to pass under them. A round wroujdit 
iron bolt, S inches in diameter, is attached to the end of each chain, and passed 
through an aperture fitted thereto in the centre of the susjiending cross beam. 
On these bolts is a strong square threaded screw worm, and underneath the 
beams a strong brass nut, and by means of these screws the cradles are adjusted 
to their proper horizontal position. There are also wrought iron bridle bars 
with nuts and screws placed diiigonally from the ends of the cross beams to a 
link in the suspending chains, by whicli the transverse level or position of the 
cradle is adjusted. 

The length of the suspending chains is so arranged, that when one cradle 
is at its proper level at the bottom of the lift, the other is at its proper level at 
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the top, and each cradle containing an equal quantity of water, the weights 
would be in equilibrio but for the difference in the length of chain between the 
cradle at the bottom and the one at top ; to remove this disparity, chains of an 
equal weight per foot to that of the suspending chains are attached to the 
bottom of each cradle, with one end resting on the floor of the chambers, on 
which they gather under a descending cradle, and elongate with the one 
ascending, and thus an equilibrium is preserved. Nothing more is wanted to 
put the machinery in motion than a power equal to its vis inertia and friction, 
together with the required velocity. This power is acquired by so adjusting 
the chains that when one cradle is at the bottom of the lift on the proper level 
to receive a boat, the cradle in the opposite chamber is not quit* up to the 
level necessary to receive a boat from the upper pond of canal, the difference 
found necessary in using the lifts is not quite 2 inches, producuig in the cradle 
a preponderating weight of only one ton, but this is regulated at pleasure. 

The cradles are so suspended that the facings at their higher end, when 
raised to the profwr height, come within half an inch of the facings of the 
higher stop gate to the canal. The cradle is then forced forward (Plate XVII.) 
close to the last-mentioned facings by means of the forcmg up bar of cast iron 
at the rear of the cradle, as shewn in the bird's eye view of the machinery. 
(Plate XVI.) 

This bar rests by a groove in its ends on the longitudinal wrought iron tie 
bars, which pass in a groove in the masonry from one end of the lift to the 
other, and by means of strong screws and nuts bind the several parts of the 
work firmly together. This forcing up bar is moved by a strong square 
threaded horizontal screw, working in a fixed brass or bush, and moved by a 
hand multiplied gear, (Plate XVII.,) so that a turn or two of the winch is 
sufficient so to force the cradle against the framing of the stop gate at the higher 
end, that no water can escape between them. 

The stop gate to the canal and the upper door to the cradle are so framed 
and furred out, that there is scarcely any space between them that will occa- 
sion a loss of water. 

The stop gate of the higher level is lifted by a winch gear on the sides of 
the chamber, putting in motion chains attached thereto, which pass over pulleys 
fixed in a transverse framing of timber ; the operation is easily and speedily 
performed, and by a strong iron bolt fixed on the higher side of the stop gale 
being moved, by a man's foot, iDto a corresponding square staple in the door of 
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the cradle, both doors are raised at the same time. The Ufting of these doors 
at once occasions a flow of water from the canal into the cradle sufficient to 
allow the boat to ]3ass into the canal on its proper level, and the doors being 
let down, the necessary preponderance of water is retained in the cradle to 
produce its descent, which commences on the winding back of the forcing up 
bar at its rear. (Plate XVII.) 

The descending cradle, when arrived at the level of the surface of the water 
in the lower pond, comes in contact with two inverted wedges of wrought iron, 
fixed at the back or higher end of the lower chamljer, and by sliding against 
them in its further descent it is forced tightly against the inner side of the 
framing to the lower stop gate, and the meetings become water-tight. The 
door of the cradle and of the stop gate of this lower level are furred out to meet 
in the same manner as those on the higher level. The door at the lower 
end of the cradle has two inverted half staples of iron fixed on the top 
thereof, which fit into mortices of iron in the stop gate when the cradle has 
arrived at its proper level, and thus by raising the stop gate in a similar way 
to that on the higher level, the door of the cradle is also raised, and the boats 
pass freely from and into the cradles. The lowering of t!ie gates so as to 
inclose the boat in the cradle is, of course, done in the same way. 

It will be apparent from this description of the machinery that the great 
desideratum in its construction is strength of material, and a common degree of 
attention to the arrangement of the several parts, as the principle is simply that 
of equally poised weights suspended by simple sheaves, so that it matters little 
to what height (within reasonable limits) the lift extends, provided the parts be 
proportionately strong. In higher lifts than those which have been already 
constructed, the great difl'erence will be in the length and weight of chain, and 
the power to regulate the velocity of descent. The brakes to the extent used 
have been found sufficient to govern the motion, but other means may be 
resorted to for this purpose, such for instance as attaching to the centre pulley 
a pinion on a shaft, working by means of a crank an hydraulic plunging piston 
in a cylinder fixed in a cistern of water in the centre pier of the building, the 
motion of which might be regulated at pleasure, and by various other means 
which are now well understood. 

With due precautions against inattention on the part of the man having the 
care of and working the machinery, and a proper adaptation of its parts, the 
system might be safely applied to passing boats of much larger tonnage than 
those now used in this way. The advantages of the system are, 
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First, economy in the expense of construction as compared with common 
locks. 

Secondly, the saving of time in passing boats from one level to another; and 
thirdly, tlie small consumption of water as compared with common locks. 

In these times, when the value of water power is so much better under- 
stood than formerly, the difficulty of obtaining a sufficient supply of water for 
locks is one of the greatest impediments to the formation of canals. Various 
contrivances have been resorted to for lessening the quantity of water required, 
and the development of any practical mode by wliich they can be accom- 
plished to a considerable extent, must be important. 

In the lifts here described, the consumption of water is about one ton to 
8 tons of cargo raised from one level to the other, whilst the same weight is at 
the same time lowered from one level to the other ; add to this the water 
lost to the canal by leakage of the gates, (which is in practice very small,) 
allowing it to be equal to that which is used in giving motion to the machine, 
the whole consumption is only 2 tons of water to 8 tons of cargo, whereas the 
consumption of water by common locks may be taken generally at 3 tons, to 
1 ton of cargo; the saving in this respect is, therefore, 22 parts out of 24, or 
P2 per cent., very nearly. It may also be observed, that a quantity of water 
exactly equal in weight to the amount of the gross tonnage of boats and 
cargo will pass either up or down the canal in a direction contrary to that of 
the load, — i. e. if the trade were all downward, and the Ixxits returned 
empty, a quantity of water equal to the whole weight of the loading passed 
down, will have been )^)assed up from the lowest level of the canal to the 
highest ; and vice versa, if the trade were all upward, the same quantity 
of water would have passed down the canal from the top level to the bottom 
one, independently of the use or waste in working the lift ; and this ob- 
servation applies equally to the diflerence or balance of tonnage between the 
up and down trade, either way, as a quantity of water equal in weight to 
such diiference will pass in a contrary direction ; and hence arises a somewhat 
curious proposition, — that with these lifts and a downward trade, water equal 
in weight to the loads passed down would be absolutely carried up from 
the lowest to the highest level of the canal. 

The time occupied in passing one boat up and another down this lift of 
46 feet high, is found to be three minutes. The time occupied in passing a 
common lock of 8 feet rise is on an average 5 minutes, and thus nearly 30 
minutes would be required to attain the rise of 46 feet by locks. Here then is a 
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saving in time of rfeths, supposing the boats in each case equal in size, but as 
locks are seldom built for boats of less than 25 tons burden, the saving in time 
by passing weights in these small boats, as compared with common canal boats 
of 95 tons, is full frds. 

The merit of the first idea of passing boats from one pond of canal to 
another on this principle, is justly due to the late Dr. James Anderson, of 
Edinburgh, who published a paper on the subject in his Agricultural Survey of 
the County of Aberdeen, aiiout the year 1796 ; but it will be seen on a perusal 
of that able paper, that the details by which the principle was to be carried 
out, were left much to the practical man. 

The way in which the principle has been put in practice differs, in one 
essential point, very materially from that suggested by Dr. Anderson, inasmuch 
as he proposed, " that in order to give the upper cradle power to descend, a 
sufficient quantity of water should be drawn out of the lower cradle to give 
the required preponderance in the descending one, which quantity of water 
would pass by the drain from, and be entirely lost to the canal, in addition to 
the leakage." 

By the mode in which the work lias been carried into execution, the cradle 
which has to descend is charged, in the first instance, with so much more 
water than is contained in the ascending cradle, as will give the required 
preponderance ; and this water, on the passage of the boat from the cradle into 
the lower pond of canal, is delivered into such lower pond, and is, therefore, 
available in the use of the several lifts below. 



JAMES GREEN. 
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XVII. — On tlte methods of lUttmiimting LightJiomcs, with a descripHwi of a 
Reciprocatinf} Li<}ht. By J. T. Smith, Capt. Madras Eugineers. F.R.S., 
A.ImtaE. 



The subject of improvements in the construction of lighthouses, having recently 
occupied a considerable share of the public attention, and its close connection 
with the maritime welfare of this commercial nation, rendering every step 
towards its accomplishment a work of utility, even should it fail to deserve 
notice for its scientific interest, I am induced to lay before the Institution the 
following brief description of an apparatus of my invention of a novel kind, 
whicli has recently been constructed under my superintendence for the Madras 
Government, with a view to its being sent out to that Presidency, and erected 
m Fort St. George. 

The advantages whicli were contemplated by the alterations which I have 
succeeded in bringing to perfection in the apparatus above alluded to, have no 
reference to any modification of the means employed for the original production 
of the light, but apply more particularly to an economy introduced by a more 
effectual distribution of it, by whatever means it may have been generated. This 
saving is effected by a contrivance so simple in its operation, and at the same time 
so obvious when explained, that I should not have thought any description of it 
worthy the attention of the Institution, were I not in hopes that it might be 
beneficial to others that the practical success of the experiment should be made 
known, and desirous also to introduce it as a new principle of illumination to 
a place beside the two established systems, from both of which it differs, and 
which are now so well known as thc_/w'erf and revolving lights. 

The new apparatus to which I allude, and which it is the object of this 
paper to describe, I have named a Reciprocating light, the motion which is 
impressed upon it being of that description ; but I shall, before entering upon a 
more detailed explanation of it, and of the advantages which it may in some 
cases possess over the existing system, premise a few remarks as to the general 
principles of illumination. 

Fiitd iifLu. In fixed lights, as is already well known, the distribution of light 

is effected, according to the system hitherto adopted in England, by means of 
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Argand lamps and a number of parabolic reflectors placed circularly, facing 
outwards, and so disposed with respect to each other that each reflector 
is pointed towards a different part of the horizon, a very small portion of 
which is illuminated by it, the tendency of the reflector from its peculiar shape 
and catoptric properties being to collect the light of the lamp placed in its 
focus, and propel it in a dense beam along its axis or in the direction of the 
point immediately in front of it, to a very small space on each side of which its 
effects are confined. This space, or breadth of the luminous beam, is usually 
calculated at 7^ degrees on each side of the axis; or 15° in all, 
consequently the number of reflectors which would be requisite to fill the 
whole circumference of the horizon with light, ought not to be less than the 
quotient of 360° by 1 5° or 24. If a part of the horizon only require illumina- 
tion, a smaller number in proportion are sufficient. 

BtToiiing Uihta. A rcvolving light may be esplaiaed by first supposing the 

above system of reflectors to be mounted on a frame, which is connected with 
machinery suited to give it a revolving motion. It is plain that if the entire 
system proper for a fixed light were tliys made to rotate, a spectator would still 
see an uninterrupted beam of light*, since the diverging rays from the 24 
reflectors filling up the entire circumference of the horizon, as before explained, 
the effect of each as seen by a spectator from a distance during the revolution 
would not cease till that of the succeeding one had commenced. 

If we now suppose, that instead of the complete system above referred to, 
every alternate reflector be removed, the disposition of the remaining ones 
being unaltered, it will be obvious that the appearance produced would undergo 
a very marked change, for now on the light of any one reflector ceasing to be 
visible, the illumination would not be kept up as before by the action of a 
succeeding one, but an interval of darkness would ensue corresponding to the 
blank left by the removal of its adjoining reflector, and the effect of the system 



* In the case here referred to the beam would be uninterrupted, for the reasons afterwards 
given, but it would not be uniform in intensity. For the tendency of each reflector being lo 
collect the greatest quantity of light close lo its ania, and iiroportionably less and leas as we 
recede from it, its effects become weaker towards the edges of the space filled by its beam, so 
that the light is much more feebly seen by a spectator situated in the line opposite the junction 
of two reflectors, than when immediately in front of either of the mirrors tliemselves, and 
hence the effect of the revolution of such a system, is that of an undulating or flashing light, 
according to the rapidity of the motion imparted to it. 
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after this alteration, as viewed during rotation, would be that of a series of bright 
and dark periods which constitute the "flashes" and "eclipses" peculiar to the 
revolving lights. 

This principle is both striking in its effects, and also economical as compared 
with the fixed lights : for it will be readily understood from what has been 
above exjilained, that if the eclipses and flashes be of equal duration, only half 
the number of reflectors and lamps required by a fixed light become necessary 
for the illumination of a complete circumference of the horizon; and it will be 
further obvious, that if, as is usually the case, the dark periods or eclipses 
be made of a longer comparative duration, the number requisite would be still 
further diminished ; for instance, if the eclipses were proposed to be of double 
the duration of the flashes, then instead of removing every alternate reflector, as 
in the ease above alluded to, the plan adopted would be to remove two and 
leave the third, thus reducing the number from the twenty-four lamps indis- 
pensable to the fixed principle, to eight only. 

There is however one circumstance attendant upon this contrivance which 
in many situations detracts greatly from the superiority it would otherwise 
possess over the fixed ligiits, and which it is the object of the improvement 
which I have introduced to obviate. This defect consists in the useless 
expenditure of light, which is occasioned by a revolving light sweeping the 
entire circumference of the horizon, when placed in a situation where Qn\yhalf 
of it requires illumination. When a lighthouse is situated upon a line of coast, 
as most are, it is plain that no real benefit can result from illuminating the land 
side, and consequently in such a situation, that portion of the lantern which 
looks inland in lieu of being cased with glass, is always " blanked" by inserting 
copper plates, to avoid expense, risk of breakage, &c. 

Now when a light upon the fixed principle is established in such a situation, 
the effect produced is precisely proportioned to the means employed, and none 
of the light is lost*, since none of the reflectors are pointed inland; but in a 
revolving light, on the other hand, this adaptation of the means to the end to be 
gained cannot be applied, for while the i-evolution continues complete, the 
reflector which at one time points to seaward, must a few minutes afterwards 
be directed towards the land, or rather against the blank wall which closes 
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the lantern on that side; so that while one half of this system is fulfilling the 
purpose for which it is intended, the effects of the other half are absolutely 
thrown away. 

This is of more importance where instead of each flash being produced by 
a single reflector, as in the above supposition, a number are combined (pointing 
in the same direction) to augment the vividness of the beam. In this case, the 
total number employed being greater, the absolute loss is also enhanced. In 
the new apparatus recently constructed for Madras, it was determined to 
group three reflectors together to produce each flash, and it was also decided, 
that intervals of darkness of double the duration of the bright periods should 
be allowed to intervene, to form the eclipses. These conditions would have 
required by the present system of revolving lights, agreeably to the explanation 
above given, that 8 sets of 3 reflectors each should be used, or 94. in all ; but 
being struck whilst preparing the design for this apparatus with the manifestly 
unprofitable distribution above pointed out, and being very desirous, from other 
attendant circumstances, to diminish the number of reflectors and lamps as I'ar 
as possible, without decreasing the predetermined results, it occurred to nie 
that this might be very easily and simply effected by merely stopping the 
revolution of the apparatus afler it had traversed a certain portion of the cir- 
cumference, and then reversing the motion, so as to cause it to reciprocate back- 
wards and forwards, and thereby confining the action of the reflectors disposed 
towards the sea to that side only, and obviating the necessity of placing any 
mirrors or lamps whatever on that side iiicing the land. I have been enabled 
by this means to fulfil the conditions proposed at l^ths of the expense which 
would have attended an adherence to the old principle ; and the saving might 
have been further increased, to nearly one half, had I not been desirous to 
avoid the possibiUty of any defect in the distribution of the light near the 
coasts, by extending the limits of the illuminated arc to more than four points 
of the compass inland on each side. 

r,i,]«.n,n.ior«spn>- ^his system of illumination is obviously inapplicable to 
"" "* "* "' situations where, from the multitude of beacons on a dangerous 
coast, it becomes necessary to liave recourse to observations on the length of 
the eclipses, or to the time elapsing between the periodic recurrence of the 
flashes, as the means whereby the particular light is to be determined. But it 
has hitherto, I believe, been found unnecessary in British lighthouses to rest 
entire dependence on the dilferenees in the periods of revolution, and it appears 
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[jrudent to avoid having recourse to this means of discrimination, since it is the 
least secure, and open to various objections. Where, however, this system is 
indispensable, the reciprocating light cannot be used ; for, although the total 
quantities of liglit and darkness seen by a sjiectator in every position are 
constant, yet from the peculiar nature of the motion, the durations of the flashes 
and eclipses vary with every new position of the observer, a circumstance 
which, if not understood, might lead to mistake and fatal consequences. 

These remarks, however, apply only to those cases where, from the exist- 
ing number of simitar works, it becomes important to avoid the danger of 
confusion, and are inapphcable when it is proposed to adopt it in situations 
sufficiently remote to be secure from the liability of incurring that evil. In the 
present case, for instance, the reciprocating liglit to be erected at Madras will 
be the only moving light on the whole coast of India, and hence cannot possibly 
be mistaken for any other at present in existence ; but I consider it would be 
equally safe to introduce the system wherever the determination of the precise 
periods does not enter as an indispensable condition, and in such situations it 
will be strongly recommended by its economy, as the annual saving effected by 
it will be found to bo well worthy of consideration, in addition to its being 
attended by other advantages, such as the reduction of weight and bulk, 
superior cheapness in^rst cost, and diminution of the labour requisite to keep 
the apparatus in order, he. 

MKhanic^ vnau- HavIng tlius givcu au outlino of the nature and peculiarities 

'™" of the Bj'stem above described, it only remains for me to add a 

few remarks regarding the nature of the machinery by which the movement 
is effected. 

The whole of the reflectors are fixed in their proper positions to a reflector 
frame, attached to a central spindle placed vertically, and to which motion is com- 
municated from a macliino of common construction (moved by a weight and re- 
gulated by fans) by means of a couple of bevelled wheels, one of which Is fixed 
on the vertical spindle just mentioned, and hence revolves in a horizontal plane ; 
the other turns In a plane at right angles to the above on a vertical plane, its 
arbor or axis being at right angles to tlie spindle. Now, if instead of this 
single vertical wheel, acting continually on one side of the horizontal one above 
mentioned, another one be similarly situated on its opposite side, and engaged 
in the teeth on its margin, these two wheels are mounted on the same arbor 
and consequently turn in the same direction, it will be evident tliat they would, 
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if successively engaged, produce opposite motions in the spindle and the appa- 
ratus, but that if both were engaged at the same time no motion at all could be 
efiected, since by their opposite tendencies they would act against each 
other. 

This successive action, therefore, is effected by fixing both of the wheels 
upon the arbor iu the same manner as if they were singly employed, that is, 
with their teeth engaged at the proper pitch in the horizontal wheel above 
them, and then by cutting away those of the alternate semi-circumferences of 
either, so that while those are engaged and produce motion in one direction, the 
blank circumference of the other is presented, and the moment the former ceases 
to act, the teeth of the latter come into play, producing an opposite movement. 

This apparatus, upon execution and trial, was found to produce the 
intended effect very steadily, but I soon observed, that however satisfactorily 
it might act when well set up, it was incapable of withstanding the effect 
of those disturbances which long friction and wear of the parts, or accidents 
and ill treatment might subject it to, and without a perfect security against 
which I should have felt it unsafe to despatch it to so distant a settlement. 
The reason of this will be seen by reference to the figure, in wliich ACB 
represents the horizontal bevelled wheel, and EDF represents one of the 
vertical wheels above alluded to, at the very moment when the last tooth 
i.=: escaping from its engagement with the horizontal wheel, and when 
the change in the movement is about to take place. Now the conditions 
of the light demand that there should be no material loss of time in reversing 
the motion, that is, that the movement from C to A in the upper wheel 
should commence in not more than a second or two after that in the direction 
of C to B caused by the action of the wheel EDB has ceased. Moreover, 
it will be plainly seen that as the change of motion which ensues after 
the tooth D has quitted its hold, causes the whole range c." teeth from 
C to B immediately to return in the direction of K, passing over the head 
of D, there would be some risk, (more particularly if by any derangement 
the wheel BCA should have become swayed out of its proper position, 
and its edge fall below the line II K,) of these teeth striking the top of D 
on their return ; or what would be as bad, of their failing to disengage it 
at the proper time, unless Ijefore this return movement commenced the top 
of D had dipped sufficiently below the line of their path H K, to be out of the 
reach of any such accident. 
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But it unfortunately happens that at the very point only, where the 
tooth D is situated, the dip below the horizontal line, occasioned by the 
curvature of its path, amounts to nothing, (being represented by the versed 
sine of the angle formed by the radius drawn to it, with the vertical CG,) 
and is hardly perceptible until it has reached a considerable distance from 
the verticle position, so that before it would have amounted to |^th of an 
inch, which I satislicd myself would be sufficient to place the security of 
the movement beyond the reach of probable accident, the delay or loss of 
time would have amounted to not less than 7 or 8 seconds. It occurred 
to me, however, that if I could make the final connection between the wheels 
by means of a tooth situated on a part of the wheel EDF endowed with 
a more oblique motion, that it would then be in my power even to increase 
the clearing space above mentioned if necessary, without the sacrifice of 
any material delay. With this view I designed the tooth represented in 
the figure by dotted lines ; and it ought more properly to be termed a cam 
or snail, as it acts upon a short straight pin projecting from the side of the 
horizontal wheel, and communicates to it precisely the same motion as 
it would receive from the teeth, which now become unnecessary and 
might be entirely removed. In order to ensure the exact equivalence of 
the motion to that for which it is substituted, and to cause the cam to 
follow close to the circumference of the upper wheel, its edge has a double 
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curvatiire, that of M N, which is seen in the figure, being a cycloid formed 
by the circle DEF, and its face is also twisted in a spiral direction in order 
to accommodate it to the varying inclination of the spiral pin it. acts on. 
The adoption of this simple contrivance has completely obviated the difficulty 
which seemed to stand in the way of perfect success, and since it has been 
applied, although the interval elapsing between the motions is only 2 seconds, 
I have found the apparatus to work so completely free fi^om the risk I was 
apprehensive of, that I have as yet found it quite unnecessary to do more 
than merely file the tops of the last two teeth, amply sufficient space having 
been gained by that means; but it may perhaps be advisable to remove 
a little more previous to transferring the machine to the management of the 
rude hands to whose care it will in future be entrusted. 



J. T. SMITH, 
London^ June, 1837. Captain Madras £ngini::ers. 



XVIII. — Experiments on the Floie of Water ihrmigh small Pipes. 
By JV. A, pRovis, M.Insi.C.E. 

Having had occasion to make some experiments on the flow of water through 
pipes of different lengths, it has occurred to me that a copy of them may not 
l)e unacceptable to the Members of the Institution of Civil Engineers. 

The experiments were made with lead pipes of 1^ inch diameter, drawn 
at the manufactory of Mr. James Easton, in Guildford Street, Southwark, and 
to that gentleman I am indebted for the use of a very commodious building, 
and such workmen as I required. 

The pipes were drawn in 15 feet lengths, soldered together with care, so as 
to avoid as far as practicable any irregularity of aperture at the joinings. The 
united pipe was stretched on a wooden beam resting on upright posts in such 
manner that the pipe could be kept horizontal or depressed through its whole 
length towards the discharging end. 

Into the upper end of the pipe was inserted a stop cock of similar bore, and 
from this cock the lengths of the pipe were measured. The opposite end of the 
cock was inserted into a cistern 2 feet square on the plan and 3 feet in height, 
graduated upwards from the centre of the bore of the cock. A second cistern 
was placed above that just described with a short connecting pipe and cock, by 
which the lower cistern could be supplied with water. 

To the lower end of the pipe was attached by an universal joint an opei\ 
trunk or spout, by means of which the water from the pipe could be turned at 
pleasure into or outside of a receiver, the capacity of which was 4 cubical feet. 
The receiver had a valve at the bottom by which the water it contained could 
be discharged. 

When an experiment was to be made, the highest cistern at the upper end 
of the pipe was filled with water, and that below it (the one graduated) was 
also filled to the height required for the individual experiment. An assistant 
was stationed to keep the water in the tower cistern constantly at the required 
height by a continued supply from the upper one. A second assistant was 
placed at the cock which discharged into the pii^e, to tuni on the water when 
the signal should be given that all was ready, 

At the lower end of the pipe the moveable spout was held by a third 
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assistant ready to turn its stream into the receiver when so directed. To mark 
the time on a stop watch, and register the result, was my own duty. 

When all was thus prepared, and the seconds hand of the watch indicated 
a complete minute, 1 gave the first signal " now." The cock was instantly 
turned and the water flowed into the upper end of the pipe. My assistant at 
the lower end watched and gave the word " here " when the water had 
arrived. I then again noted the time. Tlie water was allowed to run to 
waste till the stream through the pipe appeared regular and steady, after which 
I waited till the watch indicated another complete minute, when at the word 
" now " the water was turned by means of the moveable spout into the re- 
ceiver. When the word " full " was cried out by my assistant I noted the 
time, and so finished the experiment. 

Considerable difference was observed in the time required for the run of the 
water through the pipe, it being influenced by the dryness or moisture of the 
inside, as well as by the accumulation of air within it, when the pipe was level 
or only slightly inclined. With a level pipe and its inside nearly dry (as was 
the case sometimes when we commenced the day's experiments) the time re- 
quired for passing the water through the pipe was nearly 50 per cent, more 
than after the iJiside of the pipe had been thoroughly wetted. 

In all cases where the pipe was level or nearly so, and more especially in 
the longer lengths, there were frequent regurgitations of the water owing to 
accumulated air within the pipe. The experiments, however, on the time in 
filling the receiver were not commenced till the stream through the pipe had 
become to all appearance perfectly equable. 

The experiments were generally made in duplicate to guard against any 
great error, and when any considerable discrepancy appeared in the first two, 
a third experiment was added. The results are stated in the following Tables. 



FliOW OP WATBS THBOUOH PIPB8. 



SOS 



Length 
ofRpeof 
I i inches 

iniide 
dinmeter. 



Inclinition 
of pipe. 



Head of 

water at 

upper end 

of pipe. 



Time from 
turning the water 

into the upper 

end of the pipe to 

its reaching the 

lower end. 



Time in 

filling 

the 

receiver. 



Discharge 

in cubical 

feet per 

minute. 



Mean 
discharge 

minute. 



OBSBKTATlOm. 



Experiments Nos. 1 to 12. 



Feet 

100 

• •• 
• . • 

• •• 

• • . 



••• 



Level 



80 



Level 



80 

• . • 

• • • 

• • • 
... 
* . • 
••• 

• • • 
... 

• • . 

• • • 
•• • 

• •• 



1 in 112 



Inches. 

35 

... 
30 
... 
24 
. • • 
18 
... 
12 
... 

••• 



Seconds. 

10 
11 
10 
14 
12 
15 
14 
10 
10 
13 
27 
32 



Seconds. 

100 
105 
121 
120 

137 
138 
103 
102 
209 
208 
310 
318 



Cubical feet. 

2-204 
2-285 
1*983 
2 

1-752 
1-739 
1-472 
1-481 
1-148 
1-154 
-752 
-754 



Cubical feet. 



2-275 
1-991 



} 

} 



1-745 

1-470 

1-151 

-753 



Pipe dry. 

j In these trials the dis- 
> charging end of the 
I pipe appeared filled. 

J Discharging end of pipe 

( nearly full. 

\ Discharging end of pipe 

( about i^ths full. 

\ Discharging end of pipe 

I not half filled. 



Experiments Nos. 13 to 25. 



:)5 

... 
... 

30 

... 
24 
. • * 
18 
• • • 
12 
... 




13 


• a • 






not observed 
11 


90 
90 


2-5 
2-5 


1 2-5 


10 
11 


100 
100 


2-2a* 
2-204 


[ 2-204 


not observed 
20 


120 
119 


2 

2017 


[ 2-008 


14 
10 


143 
142 


1078 
109 


[ 1-084 


17 
10 


177 
178 


1-350 
1-348 


I 1-352 


19 
24 


207 
205 


•898 
•905 


I -901 



Rejected, as the valve of the 
receiver was not closed. 



Bore of the pipe at lower 
end nearly filled with 
water. 



f Lower end of pipe not 
\ quite filled. 

{Lower end of pipe about 
half filled. 



Experiments Nos. 20 to 38. 



35 

... 
30 
... 
24 

... 
18 

... 
... 
12 
• * • 




14 
14 
15 
15 
17 
17 
19 
19 
18 
23 
23 
28 
27 



80 

87 

92 

93 

102 

102 

110 

112 

114 

132 

133 

103 

102 



279 

2-758 

2-008 

2-58 

2353 

2353 

2-009 

2- 143 

2-105 

1-818 

1-804 

1-472 

1-481 



I 2-774 
\ 2-594 
\ 2-353 



I 



-353 
2100 



[ 1-811 
1 1-470 



The discharging pipe ap- 
^ peared filled at the 
lower end. 



C Lower end of discharging 
\ pipe not quite filled. 

D D 2 



^^ 
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1 










T<me ftom 














Ungtt 








Time in 


DiKhtrKC 


M«n 










IncliruuioD 




into ihe upper 


Hillag 


In CUlHCBl 


diKh.rge 








Suntut. 


of [ripe. 


upr««ii 


endrflheviiwlo 




f«rtper 


per 






■ 




pfplpe. 


iu reaching th^ 
lower end. 


r«d»er. 










EXPEWMEMT* N08. SO to 50, 


FeM. 




Inchc 


SecoiiJi. 


Seconds 


Cubii-al fm. 


CaUai (tel. 




^^^^H 


80 


I in 56 


35 


13-5 


79 


3038 


-3-077 






^^^^^H 










13 


77 


3116 






^^^^ 








31) 


14 


82 
83 


2-927 


2-909 






^^^^^H 








24 


15 


R»'5 


3-68 1 


■ 2-073 


DischargwiR pipe ap- 




^^^^H 
















V penred filled at the 
lower end. 




^^1 








18 


IR 
1« 


s; 


2-449 
2-474 


2'461 




^^^^^H 








12 


19 


iOH 


2-202 


[ 2-212 






^^^^^H 










20 


itm 


2-222 






■ 








6 


24 
23 


123 

123 


i-aii 

1-961 


1 1-951 


Lo««f end of diid>«^ng 

pipe very nearly filled. 




ExPEHiMEMTs Xos. 51 to 63. 


E 


10 


I in 37-33 


35 


13 
13 


71 
72 


3aH 

3-333 


3-356 


T 


^^H 








30 


13 

13-5 


75 
76 


3-2 
3-168 


3179 






H 








18 


14-5 
15-5 

16 
17 


«2 
82 
80 
87 


2-926 
2-79 
2-7.W 


] 2-926 
f 2-774 


Discliarginf! pipe ap- 
peared full. 




^H 








12 


17-5 

IB 

17 


04-5 

97 

95 


2-539 
2474 
2-5-20 


i 2-613 






^^^^H 








6 


20 


104 


2-30t! 


!™° 


Lower end of discharging 
pipe not quite fiUed. 




■ 










21 


104 


2-31W 


■ 


ExPEKiMENTS Nob. 64 to 75. 


60 


Level 


35 


10 


83 


2-H91 


1 

J 2-874 


Dry pipe. 












7-5 


84 


2-857 






^^H 








30 


9 
10 


92 
93 


2-608 
2-5B 


J 2-594 






^^^^H 








24 





104 


2-308 


2-302 


y^'XtSJ!" "- 














9 




2-296 




^^H 








18 


10 
11 


123 

122 


105) 
1'067 


1-959 






^^^^^H 








12 


12-5 


155 


1548 


1-558 






^^^^^H 










13 


153 


1-668 






^^^^H 








6 


18 


220 


1-048 


1052 


Discharging pipe nearly 
filled at lower end. 




^^^H 












227 


1-057 




^ 




^^^^ 


^ 



■ 




FLOW OP WATER THIIOUGH PIPES. iOl 


^ 




















^^1 




Leng.h 




H«J nf 




Time in 




M«n 








■'■if 


IncliDBtlon 


mlcf 11 


■nio the upper 


filJlng 


in cubkil 


di»h»»e 


Omr.ationi. 






of pipe. 


ipprrem 








per 








of pipe. 


ill teuliing ihe 
lower ond. 


"■""■ 


""""' 


"'""" 




I 


ExpiRiMBNTS Nob. 76 to 87. 


Feel. 




I«rf.e.. 


Swondfc 


Seconds 


Cbi™) feet. 


Cubini feet. 






60 


1 in 112 


35 


10 
9 


77 

70-5 


3- 117 
3137 


3-127 




1 








3<) 


10 


83 
03 


2-801 
2-891 


2-891 




■ 








24 


12 
11-3 


91 
91 


2-637 
2-637 


2-037 


'{°"X?Ar "" 


J 


^H 






18 


13 

14 


103 
103-5 


2-33 
2-318 


2-324 




^^fl 


^^^^H 






12 


15 


122 


l-0fi7 


1-975 




^^^^^1 


^^^^M 








16 


121 


1-9U3 




^^^^^H 








6 


lU 


150 


10 




Diacharging pipe not 
quitefullat lowerend 


^^^^H 










10 


150 


16 




■ 


Experiments Noh. &8 to 89. 


60 


lin56 


35 


9 



71 

71 


3-38 
3-38 


3-38 










30 


10 
9 


7.J 
74 


3-2 
3-243 


3-221 




^^1 








24 


11 


82 


2-927 


i 2-927 


1 Discharging pipe ap- 


^^^^H 










11 


H2 


2-927 




^H 








18 


11 
12 


01 
91 


2(137 
2G37 


1 2-037 




1 


K 






12 


13-5 
14 


103 
102 


2-33 
2-353 


2-341 




■ 


^^^^H 









Kia 


119 


2017 


2-008 


Discliarging pipe not 
quite full at lower end 


H 


1 








17 


120 


2 


■ 


ExPEBiKENTS Noa. 100 to 111. 


60 


1 in 37-33 


35 


1) 


6C 


3-036 


3''036 


Pipe dry. 










U 


ec 


3-63li 




^^^^^H 








30 


9 



70 

70 


3'42B 
3'428 


3428 




^^1 








24 


10 


75 


3-2 


32 


Discharging pipe ap- 


^^^^H 










10 


75 


3 2 












10 


11 
11-5 


81-5 
81-5 


2-944 
■2-944 


2-944 




^^1 








12 


13 
13 


89 

90 


2 0!lfl 
•2006 


2-681 




^^H 








6 


l.i 
13-5 


101 

100-a 


2-376 
2-388 


2-382 


( Discharging pipe not 
[ quite full at lower end. 


^H 


L 






J 



MR. PE0VI8S EXPEEIJIENTS ON THE 



Unglh 
diwneler. 


Ofpipt 


Hndof 

upper ead 
of pipe. 


Time from 

inlo UiB ijp|«r 
«»doftl«pipe.o 

lower end. 


Tin»lD 


feel per 


Mean 
per 


Ob«v*™k^ 


EspEKiuENTs Nas 112 to 123. 


40 


Level 


Inchc 
35 
30 
24 
18 
12 
6 


Second!. 



4 

6 



6 

0-5 

6 

7 

9 

9 
12 
12 


Secondi 
68 

m 

75-5 
755 

tsa 

B4 

1O0-5 

100 

I2H 

127 

ISO 

l»l 


Cubical feel. 
3-53 
3-478 
3-178 
3- 178 
2*7 
2-11.^7 
2'38U 
2-4 1 
1-876 
1-8B» 
l'2n3 
1-256 


CuUmI fett. 


Pipe dry. 

1 

. DiBcharging jiipe ap- 
peared full. 


J 3-304 
3-178 
2-823 
2-394 
1882 
1-26 


Experiments Nm. 124 to 135. 


40 


tin 11-2 


35 
30 
2*4 
1« 
1-2 
11 


5 

5-5 

6 

6 

6 

6-5 

7-5 

7 

» 


12 
12 


64 
65 

71 
70 
77 
7B 
88 
BO 
103 
104 
137 
137 


3-73 
3-002 
3-38 
3-428 
31 IG 
3-077 
2-727 
2-(iy6 
2-285 
2-308 
1-732 
1-752 


j 3-721 
3-404 
3-09S 
2-711 
2-206 
1-762 


Discharging pipe full at 
tbe lower end. 


ExPEBiJiBNTa Nog. 136 to 147. 


40 


linSO 


35 
30 
24 

i'o 

12 


4-5 
4-5 
6 
5-5 

7 

7 
8 
8 
10-5 
(16 


60'5 

605 

64-5 

64 

00-5 

70-3 

UO 

79 

025 

D25 

111 

110 


3* 967 
3-!)e7 
3-721 
3-75 
3453 
8-404 

3-038 ' 
2-J«4 
2-3II4 ' 
2JG2 1 
2-1H2 1 


3-967 ) 
3-735 
3-428 
3-OlD 1 
2-584 
2-172 , 


Discharging pipe ap- 
peared quite full. 
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207 









Time from 






■ 




Length 




Head of 


turning the water 


Time in 


Discharge 


Mean 




of pipe of 
1^ inch 

• • 1 


Inclination 
of pipe. 


water at 

upper end 

of pipe. 


into the upper 
end of the pipe to 


filling 
the 


in cubical 
feet per 


. discbai^ 
per 


OBSIEVATIONa. 


inside 




iu rearfaiog the 


receiver. 


mioutCa 


minute 




diameter. 






lower end. 










Experiments Nos. 148 to 159. 


Feet 




Inchet. 


Seconda. ; Seconds. 'Cubical feet 


Cubical feet.' 




40 

... 


I in 37-33 


35 

• . • 


4 
5 


57 4-21 
55 4-303 


I 4*280 


■^ 


... 
... 




30 


6 
5*5 


00 4 
01*5 3-902 


I 3*951 




••• 




24 


6 


00-5 3000 


[ 3-582 




.• • 




... 


6 


07-5 3-555 


^ Discharging pipe ap- 
peared quite mil. 


... 




18 


6 


73-5 


3-205 


I 3*270 


• •• 


••.••• 


• •• 


6-5 


73 


3-287 




... 




12 

. • • 


7 
8 


815 2*945 
81-5 2*945 


I 2-945 




• a. 







10 


90 2-5 


I 2-48 




.•• 




... 


9-5 


97*5 2-401 


J 




Experiments NoSa IGO to 171a 




20 
••• 


Level 


35 

... 


2-5 
2 


53 
53 


^•^2» : I 4-5>8 
4-528 J ^'^-^ 


■N 


... 




30 

• • • 


2*5 
2 


58 
58 


^•^^ 1 4138 : 

4138 J * ^•^^ : 




••• 


■■••■• 


24 

• a. 


3 
3 


05*5 
05-5 


^'^^ I 3004 
3004 f '^""^ 1 


Discharging pipe ap- 
peared full. 






18 

• • • 


a . • 

3*5 


77 
77 


31A0 aii« 
3110 ^-^^^ : 


•• • 


•••••• 


12 

• •• 


3 
3 


90 
97 


2*474 ;} 2-^«^ 




•• • 







4 


144 


^'^^ I 1*000 
1000 1 ^««« 




•.• 




■ • • 


4-5 


144 


) 


Experiments Nos. 172 to 183. 


20 

... 


1 in 112 


35 

• •• 


2 
2 


50*5 
50 


4-752 
4-8 


> 4-770 ' 




••• 
• • • 




30 

••• 


2 
3 


55 
55 


4-303 
4-303 


I 4-303 




••. 




24 


2-5 


00*5 


3-907 


I 3-95 




... 




... 


2-5 


01 


3-934 


^Discharging pipe ap- 
peared quite full. 


... 




18 


4 


70 


3-428 


[ 3-428 


••• 




••• 


3*5 


70 


3-428 




... 
••• 




12 

a • ■ 


3-5 

not noteda 


80 
805 


2-79 
2*774 


I 2-782 




••• 




6 


5 


117 


2*051 


I 2-00 . 




... 




• a. 


4-5 


110 


2009 
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■ 




























Head of 




Time in 


DiKharge 


M«n 








of pipe rf 


Incliulioa 








in cubicil 










imntUr. 


ofl.lpe. 


unwrend 


™d<,ftheiS^.a 




Teetper 


per 












lower end. 


'"""'■ 










ExPERCUENTB Nos. 184 to 195. 


F«i. 




Inchei. 


Sccondi. 




CiiWe.il feeu 


Ciibicd feet. 






20 


1 in 50 


35 


2 
2-5 


48 
49 


5 
4-808 


I 4-949 














30 


2-5 

3 


33 
54 


4-628 
4-444 


4-486 














24 


3 


68 


4-138 
















18 






3-63(1 
3-636 


3-636 


- Discharf^ing pipe ap- 












3 


m 


peared quite lull. 












12 


3-5 
3-5 


HI 


2-063 
3 


2-081 














6 


4-3 
4-6 


103-5 
104 


2-318 
2-308 


2-313 






Experiments Nos. 196 lo 206. 


20 


1 in 37-33 


35 


2 


46 


a-217 1 } «.„,, 














2-5 


4a 


6-217 




1 












30 


2-5 
3 


51 
49 


4-706 
4-898 


I 4-802 














24 


3 
3 


55-6 

54 

57 

83 

«3 


4-324 
4-444 


t 4-328 














18 


3 

4 


3-809 
3-800 


1 3-809 


pea red quite full. 












12 
6 


3 

3-6 
4-5 
4-a 


74 
74 
01 
92 


3-243 
3-243 
2-637 
2-608 


1 3-243 
i 2-622 








By a different arrangement of the foregoing experiments, the results shewn 


^^^^H m tlie tbllowing Tables are obtained. ^M 



FLOW OF WATER THBOUQH PIPES. 



S09 



Fail o» Pi«. 


LaiaiaaorPat. 




100 feel. 1 80 feet 1 60 fttl. 


*0fe.i. 


SO feet 


Head of Watek, 35 Inches. 

DiKbirge in cubical feci per minule. 


I^vel 


2-275 


2-5 
2-774 
3-077 
3-356 


2-874 
3-127 
3-38 
3036 


3-504 
3-721 

3-967 
4-286 


4-528 
4-776 
4-949 
6-217 










Head of Watib, 30 Inches. 




1991 


2-204 
2-5B4 
2-909 
3-179 


2-504 
2-8D1 
3-221 
3-428 


3-178 
3-404 
3-733 
3-951 


4-138 
4-363 
4-486 
4-802 










Head op Watxr, 24 Inchei. 




1-746 


2-OOB 
2-353 
2673 
2-020 


2-302 
2-637 
2927 
3-2 


2-823 
3-090 
3-428 
3-582 


3-664 
3-95 
4-138 
4-326 










Head or Water, 18 Inches. 




1-476 


1-B84 1-049 
2-106 2-324 
2-461 2-637 
2-774 2-944 


2-394 
2-711 
3-019 
3-276 


3110 
3-420 
3-630 
3'800 










Head of Water, 12 Inches. 




1-151 


1-352 
1-811 
2-212 
2-513 


1-558 
1-075 
2-341 
2-SBl 


1-882 
2-296 
2-594 
2-D45 


2-487 
2-782 
2-981 
3-243 












Head of Water, 6 Inches, 








•763 -901 

1-476 

1-9.51 

2-30a 


1-052 
1-6 

2coa 

2-382 


1-26 
1-752 
2-172 
2-48 


1-666 
206 
2-313 
2-622 


I in 112 
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An examination of the results shews, — 

1. That when the pipes were level, the quantities of water discharged through 

different lengths were nearly in the inverse ratio of the square roots of 
those lengths. 

2. That comparing the discharge with that passed through the 100 feet pipe, 

the departure from this rule appears greatest in the short or 20 feet 
lengths of pipe, when under the pressure of the greatest head of water. 
With a head of 6 inches of water, the rule would give about ihnth 
more than the observed discharge ; while with a head of 35 inches of 
water, the rule gives about ith more than the actual discharge. The in- 
termediate heads shew intermediate differences. 

3. That by giving the pipes a regular and uniform descent, the discharge is 

increased in a greater proportion through the long pipes than through 
the short ones. 

4. That by increasing the head of water pressing at the upper ends of the pipes, 

the increase of discharge is nearly in the same proportion through the 
long and the short lengths. 



Had circumstances permitted, I should have extended the series of experi- 
ments to pipes of different bores, and endeavoured to have drawn from them 
some definite and useful practical rules ; but the building which I had had the 
use of was pulled down, in order to erect cottages and workshops on its site. 
The subject, however, is one to which I shall probably again direct my at- 
tention, and any observations that I may make will be at the service of the 
Institution, if thought worthy of acceptance. 



W. A. PROVIS. 



Zi, Abingdon Street, 
May 19th, 1838. 



— Experiments on the Pmcer of Men. By Joshua Field, 
r.P.Tnst.C.E., F.Ji.S. 



In this paper are recorded tbo results of some experiments made to ascertain 
the working power of men with winches, as applied to craiies. The experi- 
ments were undertaken with a view of ascertaining the effect men can produce 
working at machines or cranes for short periods, as compared with the effect 
which they produce working continuously. 

The apparatus, a crane of rough construction in ordinary use, and not 
prepared in any manner for the experiments, consisted of two wheels of 92 and 
41 cogs, and two pinions of 11 and 10 cogs; the diameter of the barrel, 
measuring to the centre of the chain, was llj inches, and the diameter of the 
handle 36 inches. The ratio of the weight to the power on this combination 
is 105 to 1. 

The weight was raised in all cases through 1 6^ feet, and so proportioned 
in the different experiments as to give a resistance against the hands of the 
men of 10, 15,20,25, 30, and 35 lbs. ;)ft« the friction of the apparatus. 

The resistance occasioned by the friction of the apparatus is a constant 
element in all machines, and of much the same amount in most cranes, and my 
object being to obtain some practical results on the power of men in raising 
weights on a system of machinery, I did not think it necessary to make any ex- 
periment for ascertaining the amount of this resistance in the present instance. 

In the following table I Iiave set down the statical resistance at the handle, 
the weight raised in each experiment, the time in which the weight was raised, 
and the remarks which were made at the time with respect to the men. A 
column also expressing the power or effect by the number of pounds raised one 
foot high in one minute is added. It will be necessary to add a few words 
respecting the construction of this column. 

In order to compare these experiments with each other, these results most 
be reduced to a common standard of comparison, and it is very convenient to 
express the results of such experiments by the pounds raised one foot high in one 
minute, this being the method of estimating horses' power. The number is in 

E eS 
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each case obtained in the foUo'wing manner. I will take the first ex- 
periment. 

Here 1050 lbs. was raised 16J^ feet high in 90"; this is equivalent to 
(1050 X 16*5 = ) 17395 lbs. raised one foot high in 90", which is equivalent to 
(17325-i-l'5 = ) 11550 lbs. raised one foot high in one minute. In this case 
then 

the man's power = 11550. 

The same calculations being pursued in the other cases, give the numbers 
constituting the last column of the following table. 



Easily by a atouC Englishman 

Tolerably easily by tlic same man 

Not easily by a sturdy Irishman 

With difhculty by a stout Englishman 

With difficulty by a London man 

With the utmost difficulty by a tall Irishman .... 
I Wtth the utmost difficulty by a London man, 

( same as Experiment V 

With extreme labour by a tall Irishman 

C With very great exertion by a sturdy Irish- 

l man, same as Experiment III 

With the utmost exertions by a Welshman 

n up at this time by an Irishman 



11550 
11505 
17325 



24255 
21427 
20212 
15134 



We may consider Experiment IV. as giving a near approximation to the 
maximum power of a man for two minutes and a half; for in all the succeed- 
ing experiments the man was so exhausted as to be unable to let down the 
weight. The greatest effect produced was that in Experiment VI. This, 
when the friction of the machine is taken into the account, is fidly equal to a 
horse's power, or 33,000 lbs. raised one foot high in one minute. Thus, it 
appears, that a very powerfiil man, exerting himself to the utmost for two 
minutes, comes up to the constant power of a horse, that is, the power which 
a horse can exert for eight hours per day. 

JOSHUA FIELD. 

Lambeth, May, 1826. 
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XX.— -Particulars of the construction of Ihc Floating Bridge ItUely established across 
the Hamoaze, between Torpoini in the County of Cornwall, and Devonport 
in Devotishire. By James M. Rendel, At.Inst.C.E., Sfc, ^. 



'"mik^'* Before bringing under the notice of our Institution the particu- 

lars of a work, new in all the arrangement of its details, if not in principle, and 
professing to be a valuable addition to the existing means of promoting internal 
communication, I deemed it necessary to submit to the delay of a few years, 
that experience might decide its pretensions to the countenance of a society 
formed for the promotion of practical information, and enrolling amongst its 
raembers most of the eminent engineers of the day. 

I have also refrained from a published description of any kind, for besides 
the anxiety I have always felt that the invention should stand for just what 
it is really worth, I have from the beginning been desirous that its first public 
introduction should be made to this Institution. 

It is now six years since the first floating bridge upon the principle of those 
I am about to describe, was established by me across the estuary of the Dart 
at Dartmouth, and four years have elapsed since the work delineated in the 
accompanying drawings, and more fully described in this paper, was established 
across the Hamoaze, between Torpoint and Devonport. From the want of 
experience, which is found almost always to limit the success of first efforts 
involving many new arrangements and adaptations of machinery, the suc- 
cess of the Dartmouth floating bridge was but partial ; still it was sufficient 
to justify my undertaking the much more difficult work now about to be 
described, and to give my employers encouragement to entrust me with 
their confidence. The result, as I shall now proceed to shew, has been 
such as to be highly satisfactory to them, and consequently gratifying to 
myselil 

EiuMiihmem In the year 1790, the Right Honourable the Earl of Mount 

'"n- Edgecumhe, and Reginald Pole Carew, Esq., as owners of a large 

property in the neighbourhood of Devonport, obtained an Act of Parliament, which 
authorized them to establish a ferry across the Hamoaze, from Torpoint on the 
west or Cornwall side, to the Devonshire shore, a little to the north of 
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Devonport, which town, then called Plymouth Dock, had become populous, and 
the mart for the produce of the opposite part of the county of Cornwall. The 
ferry accordingly became one of considerable traffic, and the accommodation it 
afforded, though limited to that derivable from common ferry boats, promoted 
buildings on the shores on either side, till at length, in 1829, several noblemen 
ioM!i'b'ii3i'.'i'JSS- ^""^ gentlemen of wealth and influence in the neighbourhood, asso- 
•iDiIndU.A^ elated themselvesand subscribed a considerablecapital for improving 
the accommodation of the ferry, by establishing a twin steam boat upon the model 
of those then in use at Dundee. With this view, they became lessees of the ferry 
under a lease for 91 years. In less than twoyears their energy and anxiety for the 
accommodation of the public enabled them to make trial of this vessel, which, 
though built upon the Dundee model, both as regarded the machinery and boat, 
and executed under the most able professional advice, proved a complete failure. 
The tides were found too strong, and the line of passage too direct across the 
current, to enable the vessel to make her passages when there was either tide 
or wind to encounter. 

This failure was the more discoura^ng from the liberality with which the 
work had been conducted, and the disappointment was great to the whole of the 
populous neighbourhood, which had expected from the establishment of this 
steam boat the means of easy transit for carriages, &c., as well as for foot 
passengers. 
pmpo.iitpnfor[he lu the dilemma occasioned by the failure of the twin steam- 

ruMi-t BriSKt. boat, the practicability of establishing a floating bridge after the 
model of that at Dartmouth, was made a subject of enquiry, and I was applied 
to as the author of that work. The greater width, depth, and current of the 
Hamoaze than of the Dart, were matters for anxious dehberation, before 
I could bring myself to report in favour of a trial. Besides which, the failure of 
a plan that was reported to have succeeded at the wider and more important 
ferry of Dundee, and the but partial success of the Dartmouth bridge, were, to 
a certain extent, discouraging circumstances ; still I felt that the failure of the 
one, and the limited success of the other, proceeded from very obvious though 
opposite causes, the one growing out of inadaptation, the other from errors 
which more or less attend first efforts, or in other words from a want of 
experience. 

After a very mature consideration, therefore, of all the circumstances of the 
two cases, I reported my opinion in favour of the practicability of establishing 
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the floating bridge, which 1 shall proceed to describe, prefacing my narrative 
by some particulars of its site. 

riit'S*™^ Fi^iSj "^^^ width of the river at the site of the bridge at high water 

"'^^^tiu. KiK. is 2550 feet, and at low wtiter 2110 feet. The greatest depth at 
high water is 96 feet, aud as spring tides rise 18 feet, the depth at low water 
is 78 feet. As will be seen by the section of the site in the plate, the greatest 
depth is at about ^d of the width from the west shore, the bottom on each side 
forming a tolerably regular curve to low-water mark. The strength of the 
current at ordinary spring tides, is from 260 feet per minute, or nearly three 
knots an hour, to 330 feet per minute, or 3f knots an hour, varying in different 
parts of the line of passage, but heavy land floods, accompaned by a north-west 
wind, make the ebb tides nm with a velocity of 430 feet per minute, or nearly 
5 knots an hour; for which we had consequently to provide. 

The site Hes directly at right angles to the line of current, a disadvantage 
that could not be avoided, as the moorings of the ships of war prevented the se- 
lection of an oblique line of direction. As to the exposure of the site, I cannot 
better explain its degree than by statmg that it is not uncommon for the ships 
lying in ordinary in the immediate vicinity of the bridge to drag their moorings. 
This has happened two or three times since the establishment of the floating 
bridge. 
cen«.i damption As wlll be secn on reference to Plates XX., XXI., and XXTL, 

at Iliv flmtlng brtdgc ' ' ' 

«h'!id?S?Jlo nviT the bridge is a large flat bottomed vessel, of a breadth or width 
nearly equal to its length, divided in the direction of its length into three 
divisions, the middle being appropriated to the machinery which impels it, 
and each of the side divisions to carriages and traffic of all kinds. These side 
divisions or decks are raised from 2 feet to 2 feet 6 inches above the line of 
floatation, and by means of strong and commodious drawbridges or platforms, hung 
at each end ofeach deck, carriages drive on and oft" the deckfrora the landing place, 
embarking aud disembarking thereby, without difficulty, or occasion for the 
least disturbance of horses or passengers, who remain in their places during 
the time of crossing the river. To make the passage certain and safe in any 
weather, and by night as well as by day, the bridge is guided by two chains, 
which, passing through it over cast iron wheels, are laid across the river and 
fastened to the opposite shores, consequently forming as it were a road, along 
which the bridge is made to travel forward and back from shore to shore as 
required; as will be better understood by a reference to Plate XIX. It will 
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be seen on reference to Plate XXIII., that two small steam engines are 
employed as the moving power by turning a shaft, on each end of which there 
is a large cast iron wheel whereon the guide chains rest. The peripheries 
of these wheels are cast with sockets fitted to the links of the chain, so that 
when the wheels are stationary, the bridge is, as it were, moored by the 
chains, but when put in motion by the steam engines, it is moved in the 
reversed direction of, and the same velocity as the wheels. The landing places 
on each shore are simple inclined planes from low water mark to two feet 
above high water mark, formed to a slope or inclination of 1 in 13 or I in 14, 
and as the bridge approaches, the drawbridge is lowered on the plane ; the 
draught of water of the bridge, and the projection of the drawbridge being such 
that carriages, &c., are disemljarlced or embarked dry, or considerably above the 
water mark, whilst the bridge is all afloat, and out of danger of grounding or 
drifting, being held fast by the chains. 

To prevent the chains being so tight as to interrupt the free navigation of 
the estuary, or to endanger their breaking, instead of being fastened or moored 
to the shores, their ends have heavy weights attached to them in shafts sunk 
at the head of each landing place, as shewn on Plate XIX. Of course these 
weights rise and fall as the strain upon the chains becomes more or less, and 
prevents the tension ever exceeding the balance weights, which are con- 
siderably below the weight to which the chains have been proved. 
'^.'■J'S^j™^ The general elevation and plan shewn on Plate XX., and the 

^'^axicii. '" following dimensions, will sufficiently explain the capacity of the 
bridge. The length, eAxbmve nf the draicZ/ridgcs, (which will be hereafter de- 
scribed,) is 55 feet, the width at midships 45 feet, and at the ends 38 feet 
C inches. The engine house and cabins are 14 feet 6 inches wide, and of the 
whole length of the bridge. The roadways or decks are 1 1 feet wide in the 
clear at the ends, and 12 feet 9 inches wide in the middle ; 2 feet 3 inches above 
the load water line at the ends, and 3 feet in the middle by a camber arch of 
9 inches to carry off the water. The draught of water, when the bridge is full 
of heavy carriages, is rather under 2 feet 6 inches, and the clear depth of hold 
4 feet 3 inches ; and as the engine house, &c,, rises 8 feet above the decks, the 
height from the hold to the roof is 12 feet 3 inches. 

It will be observed from this description, and by a reference to the drawings, 
that the seat of the bridge in the water, or rather the line of floatation, is 
elliptic, and that the sides are curved vertically. (See Plate XXII,) The object 
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of these forms is to relieve the bridge as much as possible from the effect of the 
current, and to prevent the sudden stoppage of a wave, and the consequent 
spray over the side. 

To avoid unnecessary weight and draught of water, it was a matter of 
much importance to keeji down the size of the scantling, as well as weight of 
the framing ; yet from the great width and necessity for providing fur occasional 
grounding, it was imperative to make the whole as stiff as possible. For the 
Sake of lightness, all the planking and framing were of the best Quebec red 
pine, except those parts which formed the principal fastenings, including the 
two trussed frames along the bridge under the engine house partitions, and 
the diagonal braces or beams, which were of English oak, and iron kneed, and 
fastened with through bolts in the strongest manner. The engine house par- 
titions, as well as the roof, are made moveable for the convenience of repairing 
or renewing the machinery. The roadways or decks have cross battens to 
prevent the horses' feet from sliding, and also for the better holding of a thin 
coat of sand and tar, as a mure agreeable footing than wood. The fencing of 
the sides of the roadway is completed by carrying the timbers 3 feet 6 inches to 
4 feet above the decks, and above that by the chains which suspend the draw- 
bridges forming a rail. 

PraorDfthtBtai In proof of the great strength of the framing of this bridge, 1 

!»»• cannot do better than relate a circumstance which occurred to it. 

The shipwright who built the bridge, being desirous of exhibiting so great a 
novelty, invited a party of friends to witness the launch, which went off with 
great spirit and more tcine than was suflBcient for the christening. The wine in 
this, as in many other cases, caused its votaries to be altogether oblivious of such 
unimportant matters as time and tide, which as they " wait for no man," so 
in this instance they ebbed faster than was perceived. It was the business of 
the builder to place the bridge in the basin of the new victualling yard, but a 
short distance from where the bridge was launched. \Vith proper caution, the 
width of the entrance had been measured, and found sufficient for the bridge, 
but the measurement was taken at high water. The batter of the pier heads 
of course narrowed the width of the entrance as the tide ebbed, so that when 
the bridge was brought to the basin, the entrance was found just too narrow, 
and being caught on a rapidly falling tide, the bridge was literally suspended 
between earth and heaven for 8 or 10 hours till the return tide. It happened, 
most fortunately, that the bridge was caught so nearly in the middle of its 
VOL. n. F P 
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length that it balanced, otherwise it must have tipped endways and filled. I 
was not present at the accident, and concluded when I heard of it that, 
though not actually crushed, the framing must have suffered so much damage 
as to make a recoustruction necessary ; but to my astonishment, as well as that 
of several ship builders whom I called in to aid me in the examination, nothing 
but a slight surface injury was observable, not a treenail having started or a 
fastening given way. 

Since this the bridge has been frequently grounded, and found so stiff and 
stable, that it was not necessary to slacken a holding down bolt of the 
machinery. 

DBciiptjM. of the The drawbridges or platforms are of the same width as the 

laimt. roadways or decks, to each end of which they are hung by strong 

eyes of wrought iron, and a turn bolt of 1^ inch diameter. Their lengtli is 25 
feet, they are fenced on each side by a strong trussed framing, and planked and 
battened, and sanded, to form a safe, level, and -commodious commimication 
between the landing place and the roadways of the bridge. 

They are hung or suspended by two | inch chains, one of which, as 
before stated, passes along the side of the bridge and forms a guard rail, 
and the other through the engine house, being there connected with a small 
purchase machine (shewn in Plate XXIII.). The chains, by passing over 
sheaves at the ends of the bridge and engine house, (as shewn,) and having 
their ends fastened to swivels attached to the sides of the drawbridges, not 
only suspend but also balance them, 80 that a very trifling power at the winch 
before named is sufficient to raise and lower them. When the bridge is in the 
act of crossing, the drawbridges form an angle with the water, as shewn by the 
general elevation at Plate XX., but of course, as the bridge approaches the 
landing places, the drawbridge by which the landing is to be made is lowered, 
and acts as a break to the machinery by its friction on the gravelled surface of 
the piano. 

To obtain lightness, the scantlmg or framing of these platforms is Quebec 
red pine, planked with elm, the requisite strength being obtained by wrought iron 
suspension truss bars to each of the side pieces, as shewn on Plate XXL These 
platforms are sufficiently strong to allow of the passage of a timber carriage of 
six tons' weiglit, which I have frequently witnessed, both fore and hind wheels 
bemg on the platform at the same time without causing the sUghtest derange- 
ment. 
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cnw i>]i«i« 0. To facilitate llie passage from one roadway or deck to the other, 
'c^"*'"''™^*°* there is a gallery or stage 6 feet 6 inches wide at the ends of the 
piuc XA. ind XXI. gjjgjjjg house or cabin, which forms an agreeable place for foot 
passengers, and the entrance to the cabin, where in rough weather shelter is 
obtained. These galleries are shewn in Plates XX. and XXI. 

c»i>i^'' "«io» At one end of the bridge is a spacious cabin, at the other end 

^''■'ptataxxiii. the boiler room, and between these is the engine room; all of 
which are shewn on the Plate. The roof is nearly flat, and covered with 
lead, 5 lbs. to the foot, laid on Iwarding fastened to a framing of wrought iron, 
which, as before stated, is made to take off easily. The side partitions of the 
engine and boiler rooms, and the framed pannelling which forms their external 
sides, are also made to shift easily, in case of repairs being wanted to the boilers 
or machinery. 

^iniin rnginc vid Thcro aTB two stBam eDglncB, each ha^g a cylinder of 19 

piiw'xxtii. inches diameter and 2 feet 6 inches stroke. They are common 
condensing steam engines, working at a pressure of 3^ lbs. per inch in the 
boiler, and at an average speed of 35 strokes per minute. There is but one 
boiler, the external form of which will be readily understood by a reference to 
Plate XXIII. It has four flues through it, the bottom or fire flue being the 
whole width of the boiler, less the watercourses, which are four inches, and 
the three others are ranged side by side, with watercourses all romid them of 
four inches. This arrangement gives 65 feet of flue in the boiler, and the con- 
struction is found convenient and economical of fuel. The sides and ends of 
the boiler are cased or clothed with sawdust 6 inches thick, retained by 
pannelled boarding, moveable in rabbeted cast iron carriage pieces, screw 
tapped to the boiler. 

As fresh water is easily obtained on the eastern landing place, I have found 
it advantageous to feed the boiler with it, and instead of tidting the feeding 
water from the hot well, it is procured from a tank which is supplied once or 
twice a day by a hose from the pipes on the shore. The waste steam being 
thrown into this tank, is sufficient to raise the water to 100°. The tank and 
arrangement of the feed pumps, &c., &c., are fully shewn in Plate XXIII. 
The condensing water is of course taken from the river. 
The engines are coupled at right angles by a continuous crank shaft, one 
end of which carries the pinion which drives the chain wheels, and the other 
end carries a bevelled wheel for driving the fly wheel, which, though not 
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necessary, is found to steady the working of the engines. This fly wheel, 
as will be seen by Plate XXIIL, works horizoiiian^/ under the roadway 
or deck of the bridge, where it was placed as being most out of the way, 
and is found to answer extremely well. The main pinion is 2 feet 10 
inches diameter, and drives a wheel 7 feet 2 inches diameter, which is 
keyed on the shaft that carries the chain wheels. The chain wheels 
are 7 feet G inches diameter, keyed very firmly on the ends of a wrought iron 
shaft, which has its bearings on the tie beams of the bridge framing, and 
makes the distance between the wheels 1 feet 6 inches, and the distance 
from centre to centre of the two working or guide chains 1 1 feet- On the oppo- 
site side to the main gear wheel there is a break wheel of the same size, keyed 
to the shaft, whicli is furnished with a wrought iron clip or friction band. 1 
have before stated that the periphery of each of the chain wheels is formed 
with cups gauged to the links of the chains, and that by this means the revolu- 
tion of the wheels puts the bridge in motion in the opposite direction to the 
wheels, and as there can be no slipping of the chain, the velocity of the bridge 
is the same as that of the chain wheels, or about 320 feet per minute. 

From this description it is evident that the periphery of the wheels will 
be liable to considerable wear by the weight and friction of the chains. This 
is provided for by castmg the wearing parts in segments, and fixing new sets 
when necessary to the wheels. 

The hand gear of the engines is managed in the most simple way, and the 
boiler so placed that one man can easily attend to the engines and fire. The 
signal for starting and stopping is given through speaking tubes, so placed that 
the conductor or deck-man can communicate instantly witli the man at the 
engines. 

At each end of the bridge, and in a Une with t^e chain wheels, there are 
cast iron sheaves, 3 ftct diameter, for the support, and guidance of the chains 
through the bridge; and to prevent tho accumulation of sea-weed and mud 
in the engine-room, the chains are cased off in their passage through the bridge. 
i>«eriBii™ or >hc The chaius are of the common cable pattern, each 1 inch iron, 

"^ili».1Sx ud ^"'^ es\,c\i link made to a gauge so as to fit the chain wheels 
"'■ without slipping. When the bridge is on either side of the river, 
the chains lie on its bed, and when the bridge is in the act of crossing, they of 
course fonn two arcs, as shewn by Plate XIX. 
... I iiave before stated, that instead of fixed moorings, the ends of the chains 
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are attached to weights suspended in shafls sunk at the heads of the landing 
places. These shafts are 20 feet deep and 1 6 feet square, and the weights 
are cast iron boxes loaded with five tons each, attached to the ends of the 
chains which enter the shafts over cast iron sheaves, 2 feet diameter, as shewn 
on Plate XIX. 

Now it will be evident that when the bridge is at or near the middle of 
the river the chains form a double curve, and require to be longer than when 
the bridge is on either shore and they form but one curve, that is, rest on the 
bed of the river throughout. Supposing the chains to be fixed to the shore, it is, 
therefore, manifest that either they must be so short as to be unnecessarily 
strained, or so long as to allow the bridge to make lee way, and lie uncomfortably 
at the lauding places. But by the plan of the balance weights here adopted, 
these difficulties are avoided, for as the bridge leaves the one shore the weights 
then rise, and tlie chains consequently lengthen to adjust themselves to an easy 
curve, and as it approaches the other shore, the balance weights on that side 
fall, the chains are gathered in or shortened, and the drawbridges thereby 
brought fair and end on to the landing plane ; and, which is of the utmost 
inijiortance, the chains have by this simple contrivance an uniform tension 
corre^nding to the weight assigned to them, and which may be regulated at 
pleasure- 
In the case under consideration, the iiveights rise and fall from 5 to 8 feet 
in jaeh shall, according as the weather and tide may happen, 

It will be obvious from the descriptions already (riven, as well 

NUui«>ii-l«unl _ _ ' J f> ' 

XiSX^STLf. as fi"om the accompanying drawings, tliat carriages and traffic of 
all kinda have a facility for entrance and exit from the roadways 
or decks of this kind of floating bridge iuflnitely greater than by any other 
plan now in use, whilst, from the simplicity of the landing-place, its easy slope, 
and direct or straight road from thence to and from the roadways of the bridge, 
carriages with six horses can drive on or off without even the removal of a 
horse or a passenger. 

By the great breadth of the bridge its stability in the water is insured, and 
it is a rare thing to have even a sufficient degree of motion to attract the 
attention of the shyest horse, although, as before stated, the situation is so 
exposed tliat the ships of war, which lie in ordinary on each side of the site, 
frequently drag their moorings. 
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By employing chains as a guide from shore to shore, the passage by the 
bridge is rendered safe by night as well as by day, and in rough weather as 
well as fine ; whilst, by the employment of them as a medium through which 
motion is conveyed to the bridge, a command is obtained over the motion , 
which enables the man at the engine to start, stop, and move forward or back, 
with a facility and rapidity that could not be obtained by any other means. 
These advantages are found of the utmost value in the approach to and 
departure from the landing-places, the chains acting better than any warps, 
and superseding all necessity for men to attend that operation, as well as for a 
crew, such as steersman, look-out man, &c., &c., there being only two persons 
necessary for the working of this kind of bridge, viz., the man at the engine, 
and the man in charge of the drawbridges, and to direct the engine-man when 
to stop, and start. I have before stated, that the speed at which the bridge is 
worked across the river is, on an average, 320 feet per minute. This might be 
considerably increased if necessary, though I do not think it capable of being 
made equal to the speed of ordinary steam-boats worked by paddles. Still it 
must not be lost sight of, that in this, as in every other case of travelling, the 
proper measure for speed is the time taJten to perform the journey, or as applied 
to the instance of crossing a river, the time which is occupied in the passage 
from the embarking at one shore to the disembarking at the other. Now, by 
the employment of chains the course is direct^ the speed uniform, and may be 
maintained with safety to the shore approached ; and the delay of backing, 
warping, &c., &c., which, on some ferries, takes as much time as crossing the 
river, is entirely got rid of. 

In illustration of this, I need only mention, that the time occupied in cross- 
ing by this bridge is 7 minutes at low water, and 8 minutes at high water, 
(which is .S20 feet per minute, the width at high water, as before stated, being 
2550 feet,) the time being uniform, whether in rough or fair weather, night or 
day. 

By the double roadway separated by the engine-house, &e., an opportunity 
is afforded for the separation of cattle, sheep, pigs, &c., from carriages and foot 



As a criterion by which to judge of the capabilities of the bridge for accom- 
modation, I would state, that I have seen in it at one time three carriages, each 
with four horses, one carriage with a pair of horses, seven saddle-horses, and 60 
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foot passengers, and still there was nothing like crowding or discomfort. Though 
the exposure of the site is such that the sea frequently breaks over the funnel of 
the engines, I have never yet known the passengers of the Devonport and 
Falmouth mail, or of the other coaches, which regularly cross it twice a-day, 
leave their seats, even from the top of the coach. Of course, in such cases, the 
roadway on the lee side is chiefly used, 

Reirui.tiDT,..n<t The bridge crosses the riveTftmr times an hour, viz., it leaves 

^^ ' the landing-place on the east side at the half-hours, and the land- 

ing-place on the west side at the intervening quarters. The time of crossing, 
as before stated, is, on an average of high and low water, 7^ niinutes, and 
therefore the stoppage on each landing-place is 7^ minutes, making up the 
quarter of an hour. 

The hours of working are from 6 till 10 o'clock in the summer, and from 
7 till 9 in the winter, but the Directors allow the pubUc the accommodation of 
all the intermediate hourS on payment of additional tolls and proper notice. 

The tolls are let to a yearly tenant free of all expenses except collection, on 
the covenant that the bridge shall work agreeably to the regulations and hours 
before described ; and for his own interest, the tenant enforces from the 
servants of the Company the rigid performance of the regulations by ringing 
the toll-house bell for the starting of the bridge from each side. 

During the four years that this bridge has been established, it has not been 
interrupted in its regular course of working for an hour at any one time, and 
even that not more than twice or three times, although in this period, as is 
well known, we have had two very rough winters. We have also had two 
or three breakages of the chains from defective welds ; these, however, only 
occasioned the delay of a few minutes, as the plan is to continue working on 
one chain till night, when in the space of an hour the broken ends can be 
picked up by a grapnel from the bridge and shackled together. 

It has never haf^ned that these bridges have broken adrift by the 
separation of both chains at the same time ; and hence will be seen the 
propriety of using two chains ui all cases, each chain being sufficient to hold 
the bridge. 

I cannot, perhaps, give more satisfactory evidence as to the safety, con- 
venience, and fitness of these bridges for crossing estuaries where a fixed bridge 
cannot be obtamed, than by referring to the examination of George Louis, Esq., 
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the superintendent of mail coaches, before the committee of the House of Com- 
mons which sat on the Post Office affairs in the session of 1835 and 1836. 
After pointing out the advantages of such a bridge over the Severn at either 
the new or old passage, and mentioning the safety and regularity of the one 
established at Torpoint, lie says, " If such a bridge could be made across the 
Severn, it would render the passage sure." 

of'^£r'-X"d£ ^ should premise that there are two bridges which work. 
Ac!!*^"^ "'"""'' according to the regulations before described, alternate months ; 
each bridge has its own chains, and they are fitted to be perfectly independent 
of each other. The advantages of this arrangement will be obvious, affording 
as it does the opportunity for periodical examination and timely repair, as well 
as the ready means of providing against the interruption of the traffic by reason 
of breakage of machinery or accident to the bridge for the time in work. It is 
also found to be economical, as the interest on the additional capital is more 
than saved by the facility afforded for repairs, and the diminished wear and 
tear arising from a regular examination of, and immediate attention to, trifling 
antl incidental derangements in the machinery, &c. 

During the first two years there was but one bridge ; and a comparison of 
the disbursements then with those of the last two years, or since the second 
bridge has been established, enables me to speak from facts on this point. 

The cost of the first bridge, with its machinery and chains, was £3222 ; 
that of the second was £3316. The cost of the landing planes, shafts, and 
balance weights, £1530; of engineering and law expenses about £1000; 
making the whole expenditure about £9068. The yearly charges or disburse- 
ments are as follow ; 



WAGES. 

£ I. d. 

Chief ingine man 31 1. 6*/. per week, per annum 81 18 

Assistant ditto, 25s. per week, per annum 65 

Man to attend to drawbridges and roadways of bridge at SO/, per 

week 52 

Two men as occasional labourers in smith's shops, and to assist engine 
men in the repairs, get coals on board, light lamps, &c., each 1 2i. 
per week 62 8 
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FUEL, ETC. 

The cansuni|iiion of coals tor the year ending Chriatmas last was SliS 
ions, {or rather more than 16j cwl, a day,) the average price of 
which in the store was 18». 6rf. per ton, or. 284 18 

Oil for mftchinery and lamps, tallow, hemp, &c., &c., per annum 88 18 

313 10 

REPAIRS. 

'I'hree sets of cast iron segments tor chain wheels, weighing S6 cwt., or 

the three sets 78 cwt., at I4(., fitted 5i IS i) 

Th'o sets and a half of Are bars a year, or in all 2a| cwt., at 9s. 10 2 r> 

lacidenial repairs for the year ending Christmas 1837, being for paint- 
ing, carpenter's work, iron and brass work, and labour, beyond 
that performed by the servants of the company, antl included in 
account for wastes G7 12 

182 6 6 
CREDITOR. 

Old segments and fire bars, about 90 cwt.. at 3*. 6d 1.3 15 

116 U 

Total yearly charges £691 7 



As yet we have no means of fixing with any precision the sum which 
should he reserved yearly as a rebuilding fund, for the bridges and machinery 
are still as good as new, and the chains, which at first I expected from the 
great' depth of the river would be an expensive item in the repairs, are scarcely 
at all worn. 

The income of the ferry for the year ending 11th April, 1834, when the 
bridge was opened to the public, was £930, whilst for the year now just ending 
the tolls are let at £2000 over and above the cost of collecting, being an increase 
in four years of £1070, that is, the tolls havfi already more than doubled. 
This is the strongest evidence than can be adduced in proof of the great accom- 
modation which the bridge affords. 
CflMni and con- ^^ havc gone ioto the particular construction and arrange- 

ment of the machinery and scantling of the framing of the 
bridge, would have extended this paper to a great length, and it would also 
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have rendered many plates of illustrative drawings necessary. This being 
the case, I thought it better to reserve such details for another commu- 
nication, should it be desired, than to be brief where brevity might only 
lead to error, for I need hardly remark to the practical engineer, that nothing is 
more calculated to mislead than incomplete detailed drawings, &c., of machinery 
and engine work. 

Local circumstances would also so often interfere to modify the details of 
such a work, that after all, they must be in a great measure left to the judg- 
ment of the engineer. 

It may be thought that I should have contrasted this kind of floating bridge 
with the swing bridges, boat bridges, &c., kc, of the continent, and with the 
steam boats employed on some of the great ferries of our own island, but I felt 
that I might have subjected myself to the charge of blind partiality, so often 
applied, and frequently with justice, to inventors. I therefore intentionally 
refrain from such comparisons, deeming them leas necessary from the circum- 
stance that the members of the Institution, for which this communication is 
designed, will be the best discemers of the comparative merits of these several 
plane, as well as of the claims of the one here described to the rank of a useful 
invention, in a country like ours, having numerous estuaries and narrow seas, 
where the importance of the navigation or the great first cost will not admit of 
a fixed bridge, though the population of the district and general traffic of the 
country suffer from the want of a better communication than ordinary ferries 
can afford. 

In conclusion, I have only further to state, that whilst the bridge here 
described was in construction, one was established at Saltash, (higher up the 
Tamar,) and still more recently, a similar bridge (though differing in the 
arrangement of its details to suit the locality) has been established under my 
directions at Southampton, across the Itchen, which is, at the site of the bridge, 
1 400 feet wide at high water, and is crossed 8 times an hour. This bridge is 
found so formidable a rival to theji.red bridge a little higher up the same river 
at Northham, as to have drawn oft' nearly all the travelling, the trifling saving in 
distance into the Portsmouth, kc, road which the floating bridge and new road 
effect, being sufficient to induce all the stage-coaches and mails, amounting to 
1 1 a day, and general travelling, to use it in preference. This is the most 
convincing pi^f that the accommodation is regular and commodious. Already 
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the tolls of thi$ bridge have been let for £2500 per annum, although the work 
has not been finished 18 months, and the only traffic on the ferry previously 
to the establishment of the bridge was foot passengers, and produced only 
£400 a year. 

JAMES M. RENDEL. 
34, Great George Street, Westminster, 
Feb. 1838. 
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